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ABSTRACT 

This  report  is  designed  to  provide  public  and  private 
policymakers  with  a  broad  base  of  quantitative  information  about 
United  States  science  and  engineering  research  and  education  and 
about  United  States  technology  in  a  global  context.  This  document 
begins  with  a  synopsis  of  United  States  science  and  technology. 
Chapter  1,  *»Precollege  Science  and  Mathematics  Education,"  discusses 
student's  achievement,  interest,  and  coursework,  school  and 
curriculum,  teachers  and  teaching,  and  the  policy  context.  Chapter  2, 
"Higher  Education  in  Science  and  Engineering  (S&E),"  discusses  the 
characteristic;  of  higher  education  institutions,  the  undergraduate 
and  graduate  SciE  student  populations,  major  sources  of  financial 
support,  and  international  science  and  engineering  education.  Chapter 
3,  "Science  and  Engineering  Workforce,"  describes  industrial  S&E  job 
patterns,  demographic  trends  of  recent  S&E  graduates  and  doctorate 
recipients,  the  supply  and  demand  outlook  for  S&E  personnel,  and 
international  employment  of  scientists  and  engiheers.  Chapter  4, 
"Financial  Resources  for  Research  and  Development  (R&D),"  discusses 
national  R&D  spending  patterns,  federal  support  for  R&D,  state-based 
R&D  expenditures,  and  international  comparisons.  Chapter  5,  "Academic 
Research  and  Development:  Financial  Resources,  Personnel,  and 
outputs,"  describes  the  financial  resources  for  academic  R&D,  the 
doctoral  scientists  and  engineers  active  in  academic  R&D,  end  outputs 
of  academic  R&D  for  scientific  publications  and  patents.  Chapter  6, 
"Technology  and  Global  Competitiveness,"  describes  the  global  markets 
for  U.S.  technology,  industrial  R&D,  patented  inventions,  diffusion 
of  technology  in  the  industrial  sector,  small  business  and  high 
technology,  and  technologies  for  future  competitiveness.  Chapter  7, 
"Attitudes  Toward  Science  and  Technology  (S&T) :  The  United  States  and 
International  Comparisons,"  includes  discussions  on  U.S.  public 
attitudes  toward  S&T  and  international  comparisons  of  attitudes 
toward  S&T*  Almost  two-thirds  of  the  document  is  composed  of  four 
appendixes  which  contain  data  tables,  a  list  of  contributions  and 
reviewers/  abbreviations,  and  an  index.  (KR) 
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■HHMHMMHHM  The 

^^^^l^^^^^^^^^l  Buckyballs— C(;()  buckminstorfullereiie— hs  seen  in  selected 

j^^^^^^^^^^^^^H  snapshots  from  quantum  molecular  dynamics  simulations  of 

^^^^^^^^^^^^^^1  changes  to  the  atomic  structure  of  the  molecule  as  it 

^^^^^^^^^^^^^H  from  to 

^^^^^^^^^^^^^H  Buckyballs       new  forms  of  carbon  that         excitin^^  new 

^^^^^^^^^^^^^H|  areas  for  experimental        theoretical  investigations.  The 

^^^^^^^^^^^^^^1  molecule  holds  promise  for  new  superconduetin^  materials  and 

^^^^^^^^^^^^^^H  may  someday  be  used  to  make  new  lubricants,  batteries  and 

^^^^^^^^^^^^^1        The  to  imaK^'  repro- 

^^^^^^^^^^^^^H  duced  above,  called  quantum  molecular  dynamics,  takes 
^^^^^^^^^^^^^^H  ta^e  of  the  tremendous  calculating  power  available  only  through 
^^^^^^^^^^^^^1  state-of-the-art  supercomputers.  Th(^  socetTball-shaped  ima^c^  in 
^m^lHIIH^l^lH  the  center  of  the  above  photograph  shows  the  electron  distribu- 
tion of  the  molecule  at  one  thousand  decrees  kelvin,  with  grey. 
Ki'iTii  and  orange  denoting  regions  of  successively  grt^ater  ek^ctron  (U^nsity. 

The  ball  and  stick  images  spiraling  outward  from  thi^  central  image  show  tlu^  changing  atomic 
ari'angements  as  tht*  molecule  is  ht^ated  to  2()()()  degi'ees  kelvin,  with  longtM'  bonds  appearing  in  yel- 
low and  the  shorter  ones  in  red.  These  calculations  show  that  Cj^o  is  stable  at  very  high  tempera- 
tures, despite  undergoing  substantial  shape-distorting  soccerball-football  oscillations. 


The  Image 

The  simulations  were  accomplished  at  the  North  Carolina  Supercomputing  Center.  Th(^  quantum 
molecular  dynamics  code  used  to  create  the  image  runs  at  an  average  speed  of  over  200  MFLOFS  on 
one  Cray  Y-MP  processor.  The  graphics  rendering  of  the  picture  was  carried  out  on  a  Silicon 
(;raphics  4I)/28()  (Y\X  using  Wavefront  and  custom  software.  Work  was  doiH^  by  T.  Palmer.  Cray 
Research,  NC  Supercomputing  Center;  J.  Bernholc,  (J.-M.  Zhang.  J.-Y.  Yi.  C.  Brabec,  NC  State 
University.  Further  details  are  available  in  (J.-M.  Zhang,  J.-Y.  Yi.  and  J.  Bernholc,  Physical  Review 
Utters     2633  (1991). 
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Letter  of  Transrv  ^^tal 


DmMiiber  1, 1991 

My  Dear  Mr.  President: 

In  accordance  with  Sec.  4(j)(l)  (*>f  the  National  Science  Foundation  Act  of  1950,  as 
amended,  it  is  my  honor  to  transmit  to  you,  and  through  you  to  the  Congress,  the  tenih 
in  th(*  seiies  of  biennial  Science  hidieators  reports— SnV;;c^  &  Engineering  Indicators  - 
199L 

These  reports  ai'e  designed  to  pi'ovide  public  and  piivate  policymakers  with  a  broad 
base  of  quantitative  information  about  U.S.  science  and  ensineerinK  research  and  educa- 
tion and  about  U.S.  technology  in  a  global  context. 

U.S.  (iovernment  and  industry  have  led  the  world  in  reco^jjnizinK  the  importance  of  sci- 
ence and  technolo^  for  achieving  national  objectives.  Their  support  for  research  and 
development  (R&D),  and  especially  basic  research,  is  reflected  in  the  data  in  these 
paKes.  But  priorities  and  programs  must  be  constantly  redefined  and  reshaped  to  adapt 
to  rapidly  chanfjin^y  globed  economic,  political,  and  social  coiuMtions,  This  report  pulls 
together  in  a  convenient  format  much  of  the  data  about  science  and  technology  pertinent 
to  these  decisionmaking  processes. 

The  coverage  is  broad.  U.S.  and  compai'ative  fortMgn  trends  are  tracked  in  prec()l!c\ge 
and  collegrHevel  science,  mathematics,  and  engineering  education;  scientists  and  engi- 
neers in  the  labor  force;  support  and  performance  ot  research  and  development,  with 
special  detail  on  academic  R&D;  technological  innovation  and  the  international  competi- 
tiveness of  U.S.  technology;  and  public  attitudes  toward,  and  knowledge  about,  science^ 
and  technok)^. 

Mr.  President,  the  National  Science  Board  is  proud  to  call  your  attention  to  the  fact 
that  this  tenth  edition  of  the  biennial  hidieators  marks  20  years  since  the  Board  initiatc^d 
the  report.  It  is  widely  used  around  the  world  for  policymaking  as  well  as  sei-ving  as  a 
model  for  national  science  policy  data  compilations.  My  National  Science  Board  col- 
leagues and  1  hope  thc-'t  your  Administration  and  the  Congress  will  continue  to  find  this 
report  useful  as  you  seek  solutions  to  our  national  problems. 


James  J.  Duderstadt 

Chairman,  National  Sck^nce  Board 


The  Honorable 

The  President  of  the  United  States 
The  White  House 
Washington,  DC  2()5()() 
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Introduction 


Twenty  Years  of  Indicators 

The  publication  of  the  10th  biennial  volume  in  the 
Science  &  Engineering  Indicators  series  signals  the  com- 
pletion of  20  years  of  activity  in  the  area.  It  is  a  time  for 
celebration  as  well  as  a  time  for  assessing  the  achieve- 
ments and  shortcomings  of  the  activity.  The  anniversary 
also  provides  an  opportunity  for  appraising  the  uses  of 
the  volumes  in  assisting  the  process  of  science  and  tech- 
nology (S&T)  policy  formulation. 

As  the  principal  patron  of  Indicators,  the  U.S, 
Congress  has  already  begun  such  vn  appraisal  with  the 
publication  by  its  Office  of  Technology  Assessment  of 
Federally  Funded  Research:  Decisions  for  a  Decade  (OTA- 
SET-490,  Washington,  DC:  May  1991).  The  report  con- 
tains a  discussion  of  the  Indicators  volumes  and 
adjudges  them  to  be,  "the  most  comprehe  nsive  look  at 
the  research  system  that  is  currently  available*'  (p.  236). 
Critiques  of  the  approaches  taken  in  the  Indicators  vol- 
umes are  noted  and  discussed.  The  authors  further  pro- 
pose a  variety  of  new  indicators  ranging  from  technology 
measures  to  fine  detail  indicators  of  the  flow  of  research 
proposals  and  awards  to  Federal  agencies. 

Globalization  of  Indicators 

The  U.S.  Indicators  volumes,  as  they  evolved  during 
the  1970s,  seived  as  a  model  for  the  rapid  growth  of 
Ihdicators-lyi)c  reports  around  the  world  during  the 
1980s,  (iovenimtrits  have  increasingly  come  to  see  sci- 
ence and  teci  nolog/  policy  as  a  key  ingredient  in  their 
strategies  for  dt  *  ^Mopii"  ^nt  and  economic  competitive- 
ness. As  a  result,  there  is  a  strong  movement  toward  the 
globalization  of  S&T  indicators  involving  the  develop- 
ment of  tnily  comparable  measures  of  S&T  functions  in 
different  countries.  The  Organisation  for  Economic 
Cooperation  and  Development  (OPXD)  has  long  been  a 
forum  for  the  creation  of  such  comparative  indicators, 
and  now  the  European  Community  is  moving  decisively 
into  the  creation  of  data  systems  for  assessment  and 


evaluation  of  science  and  technology  among  its  12  mem- 
ber nations.  Finally,  the  rapidly  developing  economic 
powers  of  the  Asia  and  Pacific  region  are  making  efforts 
to  construct  comparable  measures  of  their  S&T  activi- 
ties. A  working  group  of  the  newly  formed  Pacific 
Economic  Cooperation  Council  (PECC)  is  dedicated  to 
this  activity. 

What  Is  New  in  This  Volume 

Science  &  Engineering  Indicators  -  1991  continues  to 
consolidate  and  work  out  the  changes  in  structure  intro- 
duced in  the  1987  edition: 

•  In  keeping  with  the  policy  pre-eminence  of  school 
science  and  mathematics  education,  the  chapter  on 
this  topic  has  been  expanded.  Especially  important 
are  new  national  data  on  levels  of  performance  of 
U.S.  minority  schoolchildren  of  different  ages  on 
science  and  mathematics  performance  tests. 

•  In  the  higher  education  chapter,  there  are  new 
materials  on  time  to  degree  as  well  as  new  interna- 
tional comparative  data  on  S&E  degrees. 

•  The  overall  picture  of  financial  support  of  R&l)  is 
complemented  by  an  exploration  of  changes  in 
inter-  and  intra-sectoral  cooperative  R&I)  linkages. 
In  addition,  the  section  presents  new  information  on 
state  R&D  expenditures. 

•  The  formerly  separate  sections  on  industrial  R&I) 
and  U.S.  technology  in  a  global  context  were  com- 
bined for  this  volume.  New  analyses  have  been  con- 
ducted oil  patent  data  as  well  as  in  the  area  of  small 
high-technology  business. 

•  In  k(^epiiig  with  the  theme  of  globalization  of  indica- 
tors, analyses  of  public  attitudes  toward,  and  public 
knowledge  of,  science  and  technology  are  present- 
ed with  comparative  data  from  15  countries. 
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Overview  of  U.S.  Science  and  Technology 

SYNOPSIS 


The  extraordinary,  ind  continuiiiKi  global  political  and 
economic  changes  ol  the  past  half  decade  are  forcing 
fundamental  reasse*  sments  of  policy  in  many  areas  of 
public  endeavor.  Science  and  technology  (S&T)  policy  is 
no  exception.  Patterns  of  resource  allocation — for  exam- 
ple, to  civilian  and  military  research,  to  basic  and  applied 
research  and  development,  etc. — that  made  sense  under 
earlier  political  and  economic  conditions  now  appear 
inappropriate.  Because  decisionmakers  are  still  groping 
toward  new  policy  formulations,  the  impact  of  these 
changes  are,  by  and  large,  still  too  recent  to  be  clearly 
reflected  in  S&T  indicators.  Nevertheless,  some  trends 
are  apparent;  these  are  outlined  below. 

Expenditures  for  Research  and  Development 

In  the  United  States  the  twifi  engines  that  powered  the 
rapid  growth  of  research  and  development  (R&D)  from 
the  mid-1970s  to  the  late  198()s  have  been  decelerating— 
the  ecoiiomy  has  been  in  a  recession,  and  the  evapora- 
tion of  the  cold  war  has  I'educed  the  urgency  for  militaiy 
R&D  spending.  The  average  annual  increase  in  total  U.S. 
R&D  expenditures  between  1985  and  1991  (in  constant 
dollars)  was  1.2  percent,  compared  with  an  annual 
growth  I'ate  of  (3.9  percent  from  1980  to  1985.  The  most 
recent  estimates  on  change  from  1989  to  1991  also  show 
declining  R&D  expen.ditures. 

Cunvnt  estimates  for  development  expenditures  exhibit 
the  sharpt»st  downturn — a  negative  trend  in  constant  dol- 
lars since  1988.  'Hie  estimated  end  in  applied  research, 
too,  has  been  negative  since  1989.  The  Federal 
Government  is  estimated  to  have  reduced  its  R&D 
expenditures  significantly  from  1989  to  1991;  estimates 
for  U.S.  industry  R&D  expenditures  remained  level  dur- 
ing this  period. 

Only  expenditures  for  basic  research  have  continued  to 
gr()W^  albeit  at  a  declining  rate.  The  most  recent  estimate 
is  for  a  2.7-percent  increase  from  1990  to  1991.  The 
statistics  for  expenditures  for  academic  R&D  also  sliow 
continuing  slow  gi'owlh. 

Internationally,  total  U.S.  R&D  expenditures  '*o!itinue 
to  exceed  those  of  its  four  closest  industrial  competitoi's 
combined,  dt^spite  the  fact  that  two  of  these  countries 
(West  (ieniuuiy  and  Japan)  outpace  the  United  Stat(*s  in 
terms  of  R&D  expenditures  as  a  percentage  of  gross 
national  product  (GNP).  However,  as  of  1989,  these  four 
countries  together  (the  tw^o  named  above  plus  the 
United  Kingdom  and  I'Vance)  spent  12  ])erc(MU  more 
than  the  United  States  on  total  nondelense-reiated  R&D 
activities. 

U.S.  Technological  Innovation 

'llu*  United  States  has  seiMi  turther  slow  erosion  of  its 
Q    siiares  in  global  markets  for  high-tech nolog>^  goods.  I'br 
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example,  in  1988  the  United  States  supplied  37  percent 
of  the  world's  high-tech  products,  slightly  down  from  40 
percent  in  1980.  Although  the  country  continues  to  main- 
tain a  trade  surplus  in  high-tech  goods,  its  1988  balance 
was  half  the  size  its  1980  balance. 

A  more  |)()sitive  trend  in  the  area  of  technological 
imiovation  is  the  upturn  in  patenting  by  U.S.  inventors 
between  1983  and  1989. 

l>astly  in  this  area,  an  incipient  trend  worth  watching 
is  a  possible  tendency  for  U.S.  con)()rati()tis  to  spend  an 
increasing  portion  of  their  cori)orate  R&D  funds  at  facili- 
ties abroad. 

Academic  R&D 

Although  academic  R&D  continued  to  grow  during 
the  late  1980s,  it  vas  at  a  slower  rate  than  during  the 
first  half  of  the  decade.  Major  investments  were  made 
during  the  decade  in  research  instrumentation  (with 
support  coming  primarily  from  Federal  agencies)  and 
the  construction  and  refurbishment  of  research  facili- 
ties (supported  primarily  by  the  institutions  them- 
selves). However,  financial  problems  loom  for  research 
universities  as  the  recession  hits  both  state  budgets 
and  the  various  sources  of  income  for  private  institu- 
tions, and  as  pressures  mount  for  lower  indirect  cost 
reimbursement  rates  on  Federal  research  grants  and 
contracts. 

Science  and  Engineering  Personnel 

The  U.S.  science  and  engineeiing  (S&IO  workforce 
extended  its  long  growth  trend  through  1989  at  an 
annual  rate  of  approximately  4  percent.  Fxpansion  of 
S&l^  employment  continued  at  a  faster  rate  in  noiuiian- 
ufacturing  job*  (primarily  in  the  services  sector)  than 
in  manufacturing  jobs.  The  proportion  of  S&K  jobs 
within  the  nonmanufacturing  sc^ctor  increased  from  1.2 
|)ercent  in  1980  to  1.7  percent  in  1989;  this  rise  translat- 
ed into  a  nearly  .SO-percent  increase  in  S&F  job  opportu- 
nities in  this  sector  during  the  decade.  The  increase  in 
the  S&K  shan*  of  manufacturing  jobs  was  also  sizable — 
from  3.7  percent  in  1980  to  5.1  percent  in  1989 — despite 
a  decrease  in  total  nianufacturing  jobs. 

Adequacy  of  the  supply  of  new  scientists  and  engi- 
neers during  the  1990s  continued  to  prompt  concern, 
especially  in  light  of  relatively  unfavorable  demograpn- 
ic  factors.  Indicators  of  supply  and  demand  examined 
h(MV  suggest  relative  stability  in  !-  &l^  labor  markets 
du»*ing  the  1990s:  lower  demographic  growth  will  l  e 
nntched  by  geiuTally  slower  economic  growlh.  Within 
this  framewoi'k.  howevei*,  it  can  he  expecttul  that  rapitl 
technological  change  will  almost  certainly  generate 
spot  shortages  and  surpluses  in  specific  areas. 
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Precollege  Science  and  Mathematics 
Education 

Concerns  also  continued  to  be  raised  about  the  quality 
(and  quantity)  of  U.S.  science  and  mathematics  educa- 
tion and  the  attractiveness  of  S&E  careers  to  U.S.  citi- 
zens. In  international  romparative  achievement  tests  in 
science  and  mathematics,  U.S.  boys  and  girls  score 
lower  than  their  peers  in  many  other  countries.  An 
exploratory  study  suggests  that  U.S.  grade  schoolers 
receive  significantly  less  exposure  to  mathematics  and 
science  instruction  in  earV  years  than  do  their  peers  in 
Japan  and  Taiwan. 

Higher  Education  for  Scientists  and  Engineers 

Undergraduate  S&E  degrees  continue  their  long, 
gradual  decline  as  a  share  of  all  degrees.  Data  on  the 
plans  of  freshmen  entering  college  in  1989  and  1990  sug- 
gest, however,  that  degrees  in  the  natural  sciences,  engi- 
neering, and  computer  sciences  may  be  bottoming  out 
and  might  begin  to  increase  in  the  early  1990s. 

Meanwhile,  the  proportions  of  foreign  citizens  enrolled 
in  U.S.  natural  science,  mathematics,  computer  science, 
and  engineering  graduate  programs  and  receiving  S&P^ 
doctoral  degrees  continue  to  increase  apace.  In  1990  for- 


eign citizens  accounted  for  about  one  in  four  graduate 
students  in  these  fields  and  for  one  in  three  doctoral 
degree  awards  in  these  fields. 

Public  Perceptions  of  Science  and  Technology 

As  measured  in  the  National  Science  Foundation's 
biennial  sui'vey  of  U.S.  public  perceptions  of  science  and 
technology  matters,  U.S.  adults  remain  strongly  support- 
ive of  the  scientific  enterprise  in  general  and  of  Federal 
support  for  basic  research  in  particular— "even  if  it  brings 
no  immediate  benefits."  The  public  did,  however,  express 
increased  concern  about  the  use  of  animals  in  research. 

U.S.  adults  exhibited  mounting  concern  about  the 
quality  of  science  and  mathematics  education  in  U.S. 
schools.  There  was  a  significant  increase  between  1985 
(60  percent)  and  1990  (71  percent)  in  the  proportions 
who  felt  that  too  little  was  being  spent  on  education  in 
the  United  States. 

Comparative  data  from  the  United  States,  Canada,  and 
the  12  countries  of  the  European  Community  on  public 
knowledge  about  S&T  show  strikingly  similar  degrees  of 
knowledge.  These  new  comparative  data  also  indicate 
that  Americans  and  Canadians  view  science  and  technol- 
ogy more  positively  than  do  Western  Europeans. 


U.S.  R&D  Expenditures  in  a  Global 
Context 

Total  r(S(*aivh  and  rlcvc^opnicnl  (\iiS:\))  t»xi)ciulilur(*s  ol 
[hv  Unit(»d  States  continue  to  exceed  those  of  its  lour  clos- 
est industrial  competitors.  (Siv  figure  0-1.)  Howcvcm*,  two 
of  these  countries.  Wi^st  (liM'many  and  Japan,  contiinu*  to 
outpace  the  United  States  in  terms  of  R^cl)  t^xptMulitun^s 
as  a  percentage  of  gross  national  product  {(INF).  {See 
figure  ()-2.)  Sonu*  otIuM*  small  industrial  nations  such  as 
Sweden  also  outstrii)  the  Unitt^d  Statt^s  on  this  nit^asure 
of  relative^  na.ional  n^sourct^s  devott^d  to  Kc^-D. 

In  terms  of  (rononiic  comptlitivt'iu^ss.  a  longstanding 
trend  continut^l:  tlie  Tnitt^d  States  spent  a  significantly 
l()W(M*  proportion  of  its  (INF  on  nondt^lense  R^l)  activi- 
tit^s  than  did  Jai)an  and  Wt^st  (i(M*many.  (S(h^  figure  0-2.) 
In  1989,  Jai)an.  West  (riM'many.  the  Unit(tl  Kingdom,  and 
Franc<*  togc^tluM*  sjxMit  \2  p(MVent  morr  than  tin*  rniti^d 
Stat(»s  on  nondiliMisc^-rt^lated  Ki!CrI)  activiti(*s.  Tlu^  bulk  of 
this  incri»asi»  is  attributahk*  to  rapid  growth  in  Japaiu*s(* 
nondc  lense         (Sei^  figure  O-:^).) 

Ui<\)  spending  growth  in  tlie  Tnitc^d  StJitc^s  contiiuu^d 
lo  slow.  The  av(M*age  annual  inrrt^ase  in  total  T.S.  1<S:\) 
(*xi)(Mulitur(»s  bdwetMi  llKSf)  and  1991  was  estimated  at 
1.2  perc(»nt  in  constant  dollars.  Tlu^  annua!  growtli  niW 
from  19(S()  to  19(Sr)  was  ().9  p(M*('(Mit.  Tlu^  sharpt^st  down- 
turn ai)p(»ars  in  tin*  i^stimates  for  (l(»V(^l()i)in(Mit  exiuMidi- 
tures — a  n(»gativ(*  trend,  in  constant  dollars,  bi^wiuMi 


ERLC 


Figure  0-1. 

R&D  expenditures,  by  country 
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Figure  0-2. 

R&D  as  a  percentage  of  GNP,  by  country 
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NOTE:  Some  data  are  eslimales. 

See  p.  108  and  appendix  tables  4-26  and  4>27. 
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and  1991.  (Scv  {\^urv  0-4.)  A  similar  but  U^ss  accvu- 
tuatiHl  trtMul  occurred  in  applied  n»st»aivh  fXptMiditiiivs. 
Only  cxptMuliturrs  Ibr  basic  ivst^aivh  have  coiitiiuuHl  to 
Knm*.  This  growth,  though,  has  bt^eii  at  a  (UrliiiiiiK  nitc^ 
a  2.7-peiViMit  increase  in  basic  rt^search  sptMulin^  is 
estimated  tor  1990  to  199L  Hiraiise  most  academic  K*!v:I) 


is  basic  rt^search.  tin*  data  also  show  a  continuiii^^  slow 
growth  ol  expenditurt^s  for  academic  K&D. 

The  (krliiu*  in  liikV  Ki'owth  stems  from  policy  shifts 
in  tin*  two  major  sources  of  K&l)  funding — tin*  FcHk^ral 
CiovtM  iiment  and  U.S.  corporations.  Reduct^l  FedcM'al 


Figure  0-3. 

Nondefense  R&D:  foreign  spending  as  a 
percentage  of  U.S.  spending 
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NOTE:  SotTie  data  are  estimates. 
See  p.  109  and  appendix  table  4-27 
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Figure  0-4. 

U.S.  R&D  expenditures,  by  character  of  work 
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NOTE:  Data  are  prehmtnary  for  1990  and  estimated  for  1991. 
See  p.  91  and  appendix  tables  4-4,  4-5.  and  4-6. 
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Figure  0-5. 

Relative  changes  in  Federal  obligations  for  defense 
and  nondefense  R&D,  by  character  of  work 
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NOTE.  Defense  R&D  equals  the  Department  of  Defense  obligations 
for  the  designated  year.  Nondefense  obligations  include  some 
defense  ^related  obligations  from  the  Department  of  Energy. 

See  p.  94  und  appendix  table  4*8. 
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priorities  lor  niilitaiy  \<^\)  bi*tvvt'tMi  UWr)  and  U)l)l  rcsull- 
v(\  ill  shrinking  su|)|)()rt  lor  (It'lViist'-rclatt^d  dcvclopiiUMU 
work  and  increases  in  nondelense  basic  rt^scarch.  (Sih* 
fiKiin*  0-5.)  Conipany-funded  \<Sz\).  respondin^^  to  ihv 
^(Micral  economic  slovv(k)VVii,  is  estiniatt^d  lo  have  K^veled 
olTb(1vveen  \m)  and  liWl.  (Set»  liKiirt* 

Scientists  and  Engineers  in  the 
Workforce 

The  Tnitt^d  States  eonliiuied  lo  lead  the  world  ol 
industrial  niarktl  tronomies  in  nonacadtMiiic  scientists 
and  (Mi^inecTS  per  lOjMM)  people  eniployt^d  in  the  labor 
lorce,  (StH»  fi^uri*  0-7.)  'llie  I'nited  Statt^s  also  K^d  in  the 
proportion  of  Us  science  and  tMi^itictMinK  (ScVcK)  laboi' 
Ibrce  that  is  Teniale. 


Figure  0-6. 

Expenditures  for  industrial  R&D,  by  source  of  funds 

Billions  of  constant  1982  dollars 
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NOTE:  Data  are  preliminary  for  1990  anfl  estimated  (or  1991. 
See  p.  91  and  appendix  table  4  2, 
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Figure  0-7. 

Nonacademic  scientists  and  engineers  per  10,000 
labor  force,  by  country  and  gender 
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See  p.  84  and  appendix  table  3*17. 
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The  U.S.  S<!<:K  worklorc(»  in  private  industiy  continued  a 
lon^  growth  trend  throii;^h  VM)  at  an  annual  rati*  of  almost 
4  percent,  I^xpaiision  of  industrial  Si!<:K  eniploynient  eon- 
liiuied at  a  faster  rate  in  nonnianufaeturinK  (primarily  ser- 
vice) jobs  than  in  manufacturing^  jobs.  (See  figure  0-8.) 


Figure  0-8. 

Growth  in  science,  engineering,  and  total  jobs  in 
private  industry,  by  sector:  1980-89 
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See  p.  67  and  appendix  table  3^1 
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Figure  0-9. 

Private  industry  jobs  in  science  and  engineering, 
by  occupation  and  sector:  1989 
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See  p.  70  nd  appendix  table  3-1 . 
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llu*  pn^poH't)!!  oi  SiScIv  jobs  wiiliiii  ilu^  iionniaiiiilaciunnji 
sccloi*  i!Krc*as(Hl  iVoin  1.2  p(M'a*iU  in  IfhSO  to  1.7  ptMViiU  in 
U)8t).  n^suliinji  in  a  nearly  iK^xMVcMil  incnsiso  in  job 
opportunilics  in  this  si'clor  during  iIh*  (va(K\ 

The  inca^asi*  in  ihi*  S<S:lv  shan*  ol  nianul'aclurinK  jobs 
was  also  sizaolo — iVom  MJ  jkmxhmU  in  1980  to  7)A  pcivtMil 
in  U)89.  (l(*spil(*  llu*  oviMall  (K^crcast^  in  total  nianufaclur- 
iiiK  jobs  (lunn.i;  tin*  pciiod,  (Set*  W^uw  O-SJ 

KmploynuMil  palltMns  within  T.S,  private  industry 
revival  strong  twin  ttMidcncics  (1)  lor  svirntists  ((^xccpt  iilV 
sci(Mitists)  to  b(*  employed  in  nonnianufactiirinK  conipa- 
iiies,  and  (2)  lor  en^iiUHM's  ((^xcept  civil  (Mi^ineiM's)  to  be 
eniployt^d  in  nianul'aeturinK  (Mitenirises  (S(H'  li^^un^  0-9.) 

ScitMitillc  occupations — such  as  iiiatluMiialical  and  life 
scientists  and  computer  specialists— and  enj^ineerin/x 
occupations — such  as  aeronautical/astronautical  and 
eKvtrical/(*lectronic — j^rew  at  a  faster  rate  than  the  avi»r- 
a^e  for  all  occupations.  (S(t  fi.ijurt"  O-IO.)  luiiploynient  in 
physical  science  occiipations  ^^rew  U^ss  than  0.5  percent 
annually,  while  [hvw  was  lU^Hativt*  growth  in  social  sci- 
ence and  cheniica!  and  industrial  (MiuiiUHM'in^x  jobs. 

A  si.Ljnificant  shift  in  tin*  (MiiployiiKnit  of  I'.S.  doctoral 
scientists  and  (Mi^ineers  iVoin  1977  to  19S9  caiise(1  an 
increasing  proportion  of  theni  to  b(*  employed  in  indus- 
tiy  and  a  decreasing  propoi'tion  to  be  (Miiploytnl  in  col- 
leges and  universities.  (See  figure  (Ml.) 

Precollege  Education  in  Math  and 
Science 

The  ptM'formance  of  l  .S,  schoolciiiidren  on  mallu*- 
matics  and  science*  tests  has  beiMi  tracked  for  over  2i) 


Figure  O-IO. 

Rate  of  job  growth  in  private  industry,  by  occupational  specialty:  1980-89 
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Figure  0-11. 

Employed  doctoral  scientists  and  engineers,  by  sector  of  employment 
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See  p.  77  and  appendix  table  3-15. 
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y("ars  in  ihc  National  AssussiiU'iits  of  Kdvicalional 
ProKi't^ss.  Thv  overall  patUTii  in  the  two  (Uradt's  showed 
a  decline  in  test  scores  during  the  197()s,  followed  hy 
I'ecoveiT  to  the  levi^l  hy  1990.  This  patti^rn  holds 
true  fori)-  and  KWear-old  students  in  hoth  niatheniatics 
and  science.  Hy  1990,  17-year-ol.l  students  had  regained 


their  performance  levels  of  lO?;)  in  mathematics,  hut  in 
scitMice  they  remained  below  iheir  achievement  levi^l  in 
\m).  (See  tlKure  0-12.) 

Minorities  showed  >i;reater  ^ains  in  test  scores  than 
did  whiles  during  the  two  decades.  In  science,  black  and 
Hispanic  9-  and  ll^year-okl  students  showed  j^ains 
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Figure  0-12. 

Trends  in  average  science  and  mathematics  proficiency  in  the  United  States 
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NOTE:  Test  years  for  science  were  1970, 1973. 1977, 1982. 1986.  and  1990,  Test  years  for  mathematics  were  1S73, 1978, 1982. 1986.  and  1990. 
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Figure  0-13. 

Time  spent  on  mathematics  instruction 
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See  pp.  21  -22.  Science  &  Engineering  Indicators  -  199 1 

b(»lw(vn  1970  and  H)90,  whih*  17-y(*ar old  niinorily  sln- 
dcnls  r(*jiaiiUMl  Ihcir  t  arli'T  l(*v(»ls  of  acliicvcMiUMil.  In 
niallKMiialics.  Hisi)anic  9-  and  liJ-ycar-olds  inadt^  sif^nifi- 
cam  iVoni  U)7S  lo  H)90.  whih*  all  ihivt*  af^c  fin)ui)s 
amon^^  blacks  made  jiains  during  ihc  jHTiod. 


Figure  0-14. 

First  university  degrees,  by  field  for  selected 
countries 
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See  p.  85  and  appendix  table  3-23. 
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A  new  intiM'iialional  c()nii)araliv(*  study  of  faiMoi's  con- 
iribulinji  lo  sridia*  and  malh(»malics  l(»sl  p(M*roniianc(» 
slu^ds  sonic  li^dil  on  llndinKs  n^porlcMi  in  i)ri*vious  edi- 
tions i)f  Science  il'  Knf^inocrinf^  htdicato)-!;  conciM'niiiK  tin* 
i*(»laliv(»ly  i)()or  lUMlonnaiuH*  of  U.S.  cliildnMi  on  llusc 
inlrrnalional  tests.  Comparisons  of  fii'st  and  llftli  ^vmW 
dassi'ooni  time  (l(»dieat(Ml  lo  malluMiialies  in  schools  in 
Minneapolis,  StMidai  (Jai)an)»  and  'laiiXM  (Taiwan) 
showcul  that,  on  av(TaK(\  cliildriMi  in  th(*  two  Asian  ciii(*s 
siKMit  ovcM*  twici*  tlu*  amount  ol  timi*  on  mathcMnatics  in 
tiu*  classroom  as  did  Minni*ai)olis  cbildriMi.  (S(h»  IlKuri^ 
O-i:].)  Other  cultural  and  (vonomic  factors  may  also  be 
affecting  b(^havior,  but  di»^M*ee  of  i»xposure  to  subject 
matl(M'is  an  imixHlant  variabli\ 

Higher  Education  in  S&E 

A  siHMiiiiifi  i)ervasiv(*  anomaly  in  th(»  TnitcMl  States  is 
th(»  lad  that  it  has  th(^  hif^hest  ixMxentafii*  of  sci(Mitists 
and  (Mifiine(M*s  in  its  labor  lorci^  (set*  llf^uri*  0-7).  as  wc^ll 
as  i)ractically  th(*  lowc^st  (li^ss  than  20  i)(MV(Mit)  i)roi)or- 
tion  amonji  markiM  ir(>pomy  countrii^s  of  llrst  univ(M*sity 
(1(%M'(MS  in  SiVL'K  ludds,  (S(h^  llf^ure  (M  l.)  'Ihc  root  of  th(* 
situation  Wvs  in  tin*  niaf^nitudi^  of  tlu*  T.S,  hij^lKM*  (uluca- 
tion  (MitiM'i)ris(*  and  thc»  hif^h  im)i)ortion  of  youuK  adults 
who  particii)at(*  in  it. 

Th(M'(*  has  been  contiiuiiiif^  coriC(M-n  ov(M-  tin*  lonji-lerm 
^M'adual  (hvliiK*  in  tin*  choic(*  of  C(Mlain  sci(MiC(*  majors 
by  r.S.  colK^f^i^  stud(Mits.  (Sih*  ll^un*  0-1  f).)  TIk^  growth 
in  majors  in  tin*  comi)ut(M*  sciiMici^s  and  mathematics 
(hirinfi  th(^  H)8()-(S9  (hradc^  oviM'shadows  tin*  dirline  in 
majors  in  tin*  core  i)hysical  and  life*  sci(Mices.  H()weV(M\ 
data  on  the  i)lans  of  fn^shnKMi  (MitiMin^  colK^j^u^  in  hM) 
and  \\)W  su^^vsi  that  tln^  1(*V(»1  of  def^nH^s  in  th(*  natural 


Figure  0-15. 

Annual  change  in  science  and  engineering 
baccalaureates,  by  field:  1980-89 
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sciences,  (MiKiiurriiiK,  and  computer  sci(Miccs  may  be 
bottomiiiK  oui  and  niifjht  bcj^nn  to  increase  in  tbe  early 
15)5)()s.  (See  fiKure  O-Ki.) 

The  decline  in  choice  of  S&H  majors  by  U.S.  under- 
graduate  students  has  been  accompanied  by  a  rapid 
increase  in  the  representation  of  non-U. S.  citizens  in 
S&K  graduate  enrollments  and  amon^  S&K  doctorate 
decree  rcTipients.  hi  1989,  about  ontMiuailer  of  all  S&K 
students  enrolled  in  U.S.  graduate  S&K  departments 
were  non-U. S.  citizens.  Foreigners  constituted  about 
()iu*-third  of  the  Ki'aduate  studtMits  enrolled  in  the  physi- 
cal sciences,  mathematics,  and  enf^ineerin^^  {Si»(»  fifjun^ 
0-17.)  AmouK  1990  S&K  doctorate  recipitMits  from  U.S. 
universities,  the  foreign  presence  was  even  mori^ 
niark(*d — over  one-third  were  non-U. S.  citiztMis.  hi 
neerinj;,  mathematics,  and  the  computer  scitMices.  tin* 
majority  of  Ph.D.  decree  recipients  (over  oS  percent) 
were  non-U.S.  citizens. 

Research  Outputs  and  Academic 
Research 

Mie  percentnfje  distribution  of  world  sci(»n  Jfic  publica- 
tions by  country  shows  that  U.S.-based  authors  produce 
slifihtly  over  one-third  of  all  publications.  (See  fifjuri* 
0-18.)  This  proportion  has  chanK^nl  little  over  the  last 
two  decades.  Japan  and  Canada  have  niadi^  small  and 
possibly  significant  increases  in  their  shares  of  world  lit- 


Figure  0-16. 

Freshman  choice  of  probable  major 


Probable  major  1982    1984  1986   1988  1990 


Percent 


Diological  sciences  .  .  . 

37 

4.2 

39 

3.7 

3.7 

Engineering  

12.6 

11.0 

10.9 

9.5 

9.6 

Physical  sciencesV  .  .  . 

2.5 

2.6 

2.4 

2.1 

2.4 

Social  sciences  

5.8 

6.7 

8.0 

9.5 

9.6 

Corrjputer  sciences  .  .  , 

4.4 

3.4 

1,9 

1.7 

1.7 

Business  

24.2 

26.4 

26.9 

25.6 

21.1 

Education  

6.0 

6.5 

8.1 

9,3 

9.9 

Arts  and  humanities.  .  . 

8.2 

7.7 

9.0 

9.3 

8.9 

One  of  the  professions 

13.3 

14.1 

11.7 

12.2 

15,2 

'Includes  mathematics. 

SOURCE:  Cooperative  Lnstitulional  Research  Program.  University  of 
California  at  Los  Angeles.  The  American  Freshman:  National  Norms 
(Los  Angeles:  Graduate  School  of  Education.  UCLA,  ongoing  annual 
series). 
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(M'atiin*.  A  lu^w  mbulalioii  shows  \hv  world  shai'i*  ol  [he 
luu'opt^aii  Coniinuiiily  couiiirit^s  to  hv  slifjlitly  mow  than 
()n*H|uartiM'. 

Thi*  bulk  ol  world  scimitillc  publications  an*  wriltcMi  in 
univtM'siti(*s,  and  V.S.  univc»rsili(»s  hav(»  hrvn  ixhW  to 
niaintain  a  niodicuni  ol  }jfrowth  in  tluMr  rcsc^aivh  (^xpcMuli- 
tui't^s  in  ivccMit  y(*ars  di^spilt*  tlu'  oviM'all  slowdown  in 


Figure  0-17. 

Foreign  citizen  representation  in  1990  U.S.  science  and  engineering  graduate  education 
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See  p.  58  and  appendix  tables  2*23  and  2-24. 


TOTAL  SCIENCE  AND 
ENGINEERING 

Total  sciences 

Physical  S'^iences 

Mathematics 
Computer  sciences 
Environmental  sciences 

Life  sciences 
Psycholcgy 
Social  sciences 
Total  engineering 


10       20       30       40       50  60 
Percent 

Science  &  Engineering  Indicators  -  1991 


10 


Overview  of  U.S.  Science  and  Technology 


Figure  0-18. 

Contributions  of  selected  countries/regions 
to  world  literature 


United  Slates  European  Japan 
Community 


Canada 


See  p.  130  and  appendix  table  5-27. 
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rcscairh  funding.  From  UlHr^  to  1991.  llu*  aiiiuial  rati*  of 
increase  ol  aauliMnic  \<^l)  i^xpcMulituivs  v^as  iu]  p(MV(Mil. 
but  b(^tW(^cMi  U)90  and  1991  this  rate  shrank  to  2.9  per- 
tvnl.  (See  ai)i)iMidix  table  W.) 

The  i)ast  decade  has  sih'II  a  sij^nifieaiit  dia^liiu*  in  the 
share  Fi^deral  lunds  for  academic  Kc^D— from  rovij^hly 
(if)  iiercenl  in  1980  to  dosi^  to  r)r)  percent  in  1991.  (Set^ 
fiK^wc  (M9.)  'riuTi^  havi^  beiMi  correspondinj^  luTCentaK^^ 
increases  from  seviM'al  non-lu^leral  sourct^s  inchidinjj 
academic  institutions  diemsi^lves.  industiy.  and  slate  and 
local  governments. 

Non-FiHliM*al  sourci^s  havi*  also  providt^d  tin*  lion's 
share  of  the  decade-Ion^  increase  in  academic  invest- 
ments in  KvVcI)  facilities  construction  and  refurbishment. 
{Svv  n^ure  0-20.) 

Technological  Innovation  and  Global 
Markets 

FateiitiiiK  is  admittedly  an  imiHM'lect  indicator  of  tech- 
nological innovation,  yet  it  doi^s  provide  a  sense  of  th(* 
trends  in  innovalive  activities.  From  about  197(S  to  1988. 
foreign-owned  |)atenls  j^radually  Incn^astMl  tluMr  share  of 
total  U.S.  i)alenls— accoimtinj^  lor  nearly  half  of  all 
I)atents  granted  in  1988.  HinwetMi  1988  and  1989.  how- 
ever, i)at(*nts  granted  to  T.S.  inviMilors  increased  faster 
than  (lid  foreign-owned  |)altMil  ^nuils.  {^vc  figure  0-21.) 
Q  Jai)anesiM)wned  |)at(MUs  conliiuu^d  to  i^vow  faslcM*  than 
gp^(];"th()si*  owned  by  any  other  industrial  nation;  Jai)anese 


inv(Mitors  I'eceived  just  over  20  percent  of  all  new  U.S. 
patent  awards  in  1989. 

Thv  stri^n^nh  of  j:ipaiu^s(^  h.ijih-tirhnolojo'  industiy  is. 
also  rellecti^l  in  data  on  country  shanks  of  global  mar- 
kets for  hiKh-tirh  goods.  BiHwivn  1980  and  1988.  Japan 
increased  its  share  of  th(*  global  hij,di-t(*ch  niarkin  from 
about  18  percent  to  luvirly  27  p(MV(Mil.  The  United  States 
and  th(*  Kuropean  Community  i^ach  lost  aboiU  4  ptMvent- 
aj^e  points  of  their  respective*  j^lobal  market  shart^s  in  thr* 
same  period,  i^cv  figure  0-22.) 

Trade  balances  in  high-technology  gooils  provide 
anoduM"  indicator  of  (ronomic  sli  englh  in  various  an^as. 
Tin*  overall  patttM'ii  of  trade  balaiic(*s  bi^twtvn  1980  and 
1988  mirrors  the  findings  on  country  shar(\s— tin*  Jap- 
anese hav(*  tripU  d  iluMr  positivi*  trad(*  balanci^s.  whiU*  tlu* 
Unil(Kl  States  and  tlu*  principal  Kuropi^an  cruntrii^s  have 
greatly  rtuluctKl  tluMr  positive  balanc(*s.  Franc(\  in  fact, 
showed  a  negative  balance  for  1988.  (S(h*  figun*  0-2:).) 

Public  Attitudes  on  Science  and 
Technology 

The  U.S.  public  continues  to  give*  overwhelming 
a|)|)r()val  to  F(*deral  support  for  basic  research,  "even  if  it 


Figure  0-19. 

Sources  of  academic  R&D  funding,  by  sector 
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NOTE:  Data  for  1990  and  1991  are  estimates 
Seep.  117  and  appendix  table  0«2. 
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Figure  O-20. 

Federal  and  non-Federal  capital  fund  expenditures 
for  academic  science  and  engineering 
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Figure  0-22. 

Share  of  global  high-tech  markets,  by  country 
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Seep  137  and  appendix  (able  6-3. 
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Figure  0-^21. 

U.S.  patents  granted  to  foreign  inventors, 
by  nationality  of  inventor 
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See  pp.  147-49  and  appendix  table  6-21 
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Figure  0-23. 

Trade  balances  for  high-tech  industries  in 
selected  countries 
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See  p.  140  and  appendix  table  6-8. 
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Figure  0-24. 

Federal  funding  of  basic  research 

"Even  if  it  brings  no  immediate  benefits,  scientific  research  which 
advances  *he  frontiers  of  knowledge  is  necessary  and  should  be 
supported  by  the  Federal  Government, " 
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See  p.  177  and  appendix  table  7»7. 
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Figure  0-25. 

Public  attitudes  toward  education 
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{hrcr  national  U.S.  sum^s  in  19cSri.  1988.  and  1990  are 
ivniarkably  stable.  (Svv  ll^urv  0-24.) 

Till*  U.S.  public  (lots,  hovvi^ver,  (^xpriss  an  incn^asin^ 
concern  with  thi*  quality  of  U.S.  scicMUv  and  niatluMiiatics 
(education  in  tlu^  schools.  {Svv  fi^un^  0-25.)  Thi^  public 
increasingly  biOii^ves  thi^  quality  to  be  inadequat(^  and 
lec^ls  that  hi«;h  school  studcMits  should  b(^  n^quirt^d  to  takc^ 
a  science  course^  evi^ry  yc^ar.  hi  a  fivc^-survi^  si^quiMici^ 
from  1981  to  1991).  \hr\v  was  a  niorc^  than  IS-perciMita^e 
point  incr(*as(*  in  tlii^  proportion  of  th(^  public  that  says  tlu^ 
(lOVeninuMit  is  spiMidin^  loo  litth^  on  iniprovinjj  i^ducation. 

Thv  rapidly  ^rowin^  fii^ld  of  inti^national  comparative^ 
surveys  of  public  attitudes  toward,  and  knowliMlj^t^  about, 
sci(Mic(*  and  tivhnolo^y  is  be^innin^  to  yi(*ld  important 
findings.  For  exampl(\  tlu^  avi^ra^e  li^vi^l  of  sciiMitific 
kn()wl(^d^'(\  as  measun^d  by  a  battiMT  of  10  factual  ques- 
tions about  sci(Mici\  was  almost  i^xactly  the  sanii*  in  tlu^ 
12  countries  of  the  iMiropi^an  Community  as  in  a  national 
U.S.  survey.  (Siu^  fi^uri^  0-21).)  However,  the  Unitt^d 
States  rankcMl  bellow  most  of  thi^  advanci^d  industrial 
Kuropisiu  nations.  ^.nMiiM'ally  outstrippini^  the  Ussim* 
devel()|)(ni  countries  of  Europe. 
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See  pp.  179-80  and  appendix  tables  7-7  and  7-14. 
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Figure  0-26. 

Scientific  knowledge  in  Europe  and  the  United  States 
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Seo  pp.  187-88  and  appendix  table  7-20, 
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Precollege  Science  and  Mathematics  Education 

HIGHLIGHTS 


Student  Achievement 

•  In  both  science  and  mathematics,  test  scoies  on 
national  assessments  showed  improvements 
throughout  the  1980s.  Acliicvt'iiuMit  tiviids  lor  f)-,  K{% 
and  17-year-()l(l  students  showed  a  pattern  of  declining 
proficiency  in  the  U)70s»  followed  by  recovery  in  the 
\mh,S(>epp.  17-20. 

•  In  science,  tin?  improvements  17-year-olds  made 
in  the  198()s  did  not  offset  the  declines  during  the 
1970s,  hi  U)()()»  average  student  proficiency  anions  17- 
year-olds  reniained  below  that  in  UW.  Anions  9-  and 
i;^-year-()lds»  recent  j^ains  rt^turned  peii'omiance  to  lev- 
els students  attained  two  decades  aj^o.  See  pp.  17-18. 

•  In  mathematics,  at  ages  9  and  13,  average  student 
proficiency  vas  somewhat  hij^i^^f  in  1990  than  in 

1973.  Perfomiance  by  17-y;-»ar-ol(ls  returned  to  its  ear- 
lier level.  See  p.  18. 

•  White  students  had  consistently  higher  average 
achievements  than  their  black  and  Hispanic  coun* 
terparts  in  both  science  and  mathematics. 

However,  both  minority  j^roups  made  considerable 
Iniprovenients  compared  to  whites.  See  pp.  17-18. 

•  The  gains  in  student  proficiency  that  occurred  in 
science  and  mathematics  during  the  1980s  ap- 
peared to  be  in  Jower  level  skills  and  basic  con- 
cepts. Nearly  all  students  wt^v  leaning'  basic  facts  and 
skills,  but  few  showed  a  capacity  for  complex  reasoning 
and  probleni-solvinjj.  See  pp.  17-20. 

•  North  Dakota,  Montana,  Iowa,  Nebraska,  and 
Wisconsin  were  the  only  states  where  one-fifth  or 
more  of  eighth  grade  students  demonstrated  a 
grasp  of  mathematics  problems  involving  frac- 
tions, decimals,  percents,  and  simple  algebra, 
lliesi^  states  were  nmonj^  tht»  hij^best  scoring  statt»s  to 
participate  in  a  IWO  state-level  assessment.  Seep.  20. 

•  U.S.  high  school  seni  ors  showed  an  overall  weak 
grasp  of  geography.  Males  outptTformed  femal(»s  by 
a  larger  margin  in  K^^o^raphy  than  in  any  other  sub- 
ject tested.  See  p.  20. 

•  In  an  assessment  of  mathematics  achievement  by 
students  in  one  American  and  two  Asian  dties,  the 
Americans  were  at  a  relative  disadvantage  in  math- 
ematics as  early  as  grade  1 .  'lliis  finding  indicates 
that  factors  at  Xmwv  as  well  as  at  school  must  Ix^  respon- 
sible for  these  difrerences  in  achievenuMit.  See  pp.  2h22. 


Student  Interest  in  Science  and  Mathematics 

•  Nearly  30  percent  of  all  grade  7  students  ex- 
pressed a  preference  for  a  career  in  science  or  en- 
gineering, but  the  percentage  of  students  express- 
ing this  interest  declined  steadily  throughout  the 
middle  and  high  school  years.  By  Kt'«'ide  XL  ft  wer 
than  1  in  4  male  students  and  only  1  in  10  female^  stu- 
dents expressed  similar  interests.  See  p.  24. 

•  Of  high  sch(K)l  seniors  scoring  above  the  90th  per- 
centile on  the  quantitative  Scholastic  Aptitude  Test 
in  1990,  about  ^5  percent  expressed  an  interest 
in  majoring  in  science  and  engineering  in  college. 

'Iliis  findinj^  shows  that  science  and  mathematics  con- 
tinue to  be  of  considerable  interest  anions  top  hi^h 
school  students.  See  p.  23. 

Student  Coursework 

•  Four  times  as  much  time  was  spent  on  reading 
instruction  as  was  spent  on  science  instruction  in 
elementary  school.  Only  half  of  all  third  graders 
received  science  instruction  on  a  regular  basis.  Twice*  as 
much  time  was  spent  on  tdcMuentary  mathematics 
lessons  as  on  science.  See  p.  27. 

•  I^atigely  as  a  result  of  states  raising  tiieir  gradua- 
tion requiremenC:),  the  number  of  credits  earned 
in  science  by  high  school  graduates  increased  dur- 
ing 1982-87.  Recent  data  show  that  enrollment  mi 
biology  continued  to  increase,  while  enrollment  in 
chemistiy  and  physics  leveled  off.  See  p.  25. 

•  Mathematics  coursetaking  continued  to  increase 
fi-om  1987  tf)  1990  in  algebra,  algebra  2,  and  cal- 
culus. However,  fewer  Uian  half  of  all  hi^h  school  grad- 
uates took  alijebrci  2.  See  pp.  25-26. 

Teachers  and  Teaching 

•  In  middle  schools,  science  teachers  felt  less 
qualified  to  teach  their  subjects  than  their  col- 
leagues teaching  mathematics.  Kewer  than  half  of 
all  middle  school  biology  t(*achers  and  about  one-fifth 
of  physical  science  teachers  felt  they  were  teaching 
the  subject  for  which  they  wert*  best  ciualified.  Two- 
thirds  of  mathcMiiatics  tc^achers  felt  they  were  tecichin^ 
their  best  qualified  subject.  See  p.  31. 

•  Alx)Ut  40  percent  of  middle  school  bu)logy  teach- 
ers majored  or  minored  in  that  subject  in  college, 

compared  with  about  iJO  pcMVent  of  middle*  school  teach- 
ers of  physical  science  and  matlu^natics.  See  p.  31. 
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•  Less  than  half  of  all  high  school  physical  science 
teachers  felt  they  were  assigned  to  classes  in  the 
subject  they  were  best  qualified  to  teach,  compared 
with  about  three-quarters  of  biology  and  mathematics 
teachers.  See  p.  32. 

The  Policy  Context 

•  Educational  reforms  increasing  high  school 
graduation  requirements  have  exerted  a  power- 
ful influence  on  schooling.  A  study  of  six  states 


Introduction 

Chapter  Focus 

'rraditioiially.  Aiiiericaii  c^chicatioii  has  pursues!  sc^vcM'al 
^oals:  di^vc^lopiii^'  intelligent  and  knowled^uvible  citizens, 
crc^itin^  a  skillc^d  w()rklora\  and  iMisurinK  fainu^ss  in 
aecess  to  education.  Today,  our  i^ducational  systcMii  facets 
special  challcMi^c^s  in  achieving  i^acli  of  thc^sc*  ^M)als. 
CitizcMis  now  nec^d  a  basic  understanding  of  scicMici'.  for 
example*,  to  niaki*  wc^ll-iniornied  divisions  about  a  vari- 
ety of  |)ublic  policy  arenas — quc^stions  about  hc^alth  and 
rc*latc*d  fields,  such  as  those  raised  by  rc^search  into  our 
KcMietic  inluMMtance:  co.iCcM'ns  about  global  wanning  and 
otIuM'  (MuironnuMital  issues;  and  choici^s  about  explo- 
rations ran^iuK  froiii  the  atom  to  near-eart)i  and  outer 
space*. 

In  tlie  i)ast,  a  r(*lativc*ly  small  number  of  hij^hly  skillc^d 
scientists  and  en.iiincHM's  flowin^r  through  the  (education 
and  carcHM'  "pi|K*liiu**'  wcmv  iMiou^h  to  maintain  U.S.  pre-- 
eminence in  science  and  tcrhnolo^fy.  Today,  tin*  (econo- 
my rc^cjuires  that  rank  and  fill*  workers  in  many  indus- 
tric*s  poss(*ss  the  skills  and  abilities  necessaiy  to  operate* 
c()m|)l(*x  (*c|uipm(*nt  and  machi!u*!y  and  solve*  production 
pr()ble*ms  as  the-y  arise*.  Today's  production  worke'rs  no 
loi'.Kcr  simply  wield  tools;  the-y  also  monitor  quality,  look 
for  |)r()ble*ms,  re-pair  c()mi)le'X  e*ciuipme*nt.  and  i)lan  work 
loads  and  proc^(*dure*s.  Office*  w()rke*rs  inaniindate*  hi^h- 
terhnolo^^n'  machine*s  and  handle  lar^e  amounts  of  infe)r- 
mation  (\isKH  1989,  i).  :5). 

riie*  re*quire'me*nts  of  today  s  eronomy  make*  the'  iu*(*d 
for  fair  acce*ss  to  e*ducation  particiilaily  acute*.  Both  the* 
e*ntn'-le'Ve*l  workforce-  and  the*  se^hool  poiHilation  are*  e^oni^ 
p()S(*(l  of  incr(*asinK  proi)ortions  of  wome*n  and  miuori- 
tie*s.  Ki*<>iips  that  traditionally  have'  not  particii)ate(l  at  a 
hi.iih  rate*  in  scie'uce*  and  mathe*matie*s  educatie)n  and 
occupations, 

White'  wonu*n  comprise*  only  10  i)e*rce'nt  of  all  e*ni- 
ploye*(l  scientists  and  e'n«ine»(*rs.  although  tlu'y  account 
for  T)  |)e'ree'nl  of  the  l\S,  population  (Task  Force'  1989). 
\Vom(*n  a|)|)ear  to  le*av(*  the'  pi|)e*line*  by  choice'.  As  .tfirls 
pro.ijre*ss  throu.ijh  the*  pn*coll('Ke  scie  iux'  and  matluMiiat- 
ics  curricp'um.  tlu'y  diiTe*r  little'  from  boys  in  i)artieMi)a- 
tion  or  ae1iie*v(*nu*nt  until  the*  uppe*r  .ijrade's.  wlu'n  many 
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found  that  reforms  have  k*d  to  different  course  offer- 
ings in  science  and  mathematics,  new  roursetaking 
pattei'ns,  more  attention  to  the  knowledge  and  r,kills 
addressed  by  high  school  exit  examinations,  and 
adjustments  in  teacher  assignments.  See  p.  39. 

•  Implementation  of  state  and  local  policies  to  in- 
crease the  teaching  of  higher  order  thinking  and 
analytical  skills  has  been  inhibited  by  lack  of 
school  resources  for  staff  development  and  for  sci- 
ence laboratory  facilities  and  equipment.  See  p.  39. 

of  them  de*cidt*  to  drop  out  of  the'  higlu'r  le'vel  course*s 
such  as  physics  and  calculus.  Studie*s  of  ge*n(le*r  (liffe*r- 
e*nct*s  suggest  that  most  of  the*se'  de'cisions  are'  due*  to 
the  accumulati'd  effects  of  gende*r  role*  t*xperie*nce*s  at 
home*,  in  school,  and  in  s()cie*ty  {NKC  1989). 

Blacks  comprise'  \2  pe*r(H*nt  of  the*  population  anel 
Hispanics  9  percent,  but  e*ach  groui)  rei)re*se*nts  only  2 
pe*rcent  of  all  e*mploye*d  scie*ntists  and  e*ngineers.  liy  the* 
year  liOOO.  one*  in  e*ve*iy  thr(*e  Ame*rit\in  stude*nts  will  be* 
a  minority;  by  if  current  lri*nds  continue*,  today  s 
niinoritie*s  will  be*come  the*  majority  of  stude*nts  in  the 
Unite*(l  States.  Many  of  tlu*se*  niinoritie*s  turn  away  from 
scie*nce*  and  mathematics  course*s  (*arly  in  life*,  partly 
be*cause'  most  go  to  large*  city  schools  and  schools  in 
inipove'rishe*d  are*as  where  [hvy  receive  an  inade*(iuate* 
basic  e'ducation.  including  poor  instruction  in  scieMun* 
and  malhe*matics  {NKC  1989). 

Hie*  schooling  e*xpe*rie*nce's  of  minoritie*s  |)lay  a  sub- 
stantial role-  in  their  de*cision  to  le*ave*  the*  pipe*line*.  At  the' 
e*le*me'ntary  le'vek  the*  large  majority  of  schools  se'i*ving 
disadvantaged  stude'iits  treat  oidy  two  subje*cts  rigor- 
ously— re*ading  and  arithmetic  {National  Ce^nte'r  for  Im- 
pi'oving  Scie*nce'  Kducation  1989).  Disadvantage'd  stu- 
(le*nts  there'fore*  fall  behind  more  advantagc*d  stude*nts 
who  are*  e*xpose*(l  to  mon*  rigorous  academic  subj(*cts 
such  as  sci(*nce  and  matluMiiatics.  At  the  se'condaiy  le*v- 
(*K  a  large  pro|)()rtion  of  elisadvantage'd  stude'iits  de'cide' 
to  e*nroll  or  are*  place*(l  in  low-ability  tracks  or  re*nie*dial 
programs  that  re*(iuire*  fe*w  colk'ge  pre'|)aratory  ce)urse*s 
{()akesl99()a). 

Kacli  of  these  issues  is  ad(lre*sse'(l  in  the*  se'ctions  that 
follow. 

Chapter  Organization 

In  re*sponse*  to  a  re*que*st  in  198!)  by  the*  National  Sci- 
e'nce'  Board  Commission  on  Pre'colle*g('  Kducation  in 
Mathe*niatics.  Scieneu*,  and  re*chnology.  the*  National 
Scie*nce'  Foundation  (NSK)  su|)|)ort(*d  a  nunibe*r  of 
I)roje*cts  to  identify  and  d(*ve'lo|)  syste^niatic  and  objee*^ 
tive  indicators  of  the-  (|uality  of  pre*college'  e'ducation  in 
the*  Unite*d  State*s.  'Hie'  KAN!)  Cori)oration  de'V(*lop('(l 
one'  sue'h  se*t  of  indie^ators  and  the*  National  Ae  ade'iny 
of  Scie'iices/National  Ke*se'arcli  Council  (NAS/NRC) 
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(level()l)c(l  anolluT  (Shavolson  v[  al.  1989  and  1987. 
KiMzen  and  Jones  1985.  and  Murnane  and  Kaizcn  1U88). 
Those  efforts  modeled  the  science  aiul  inathenialics 
education  system  in  terms  of  in|)uts,  i)r()cesses,  and 
outcomes.  Specifically,  the  KAN  I)  model,  for  exam|)le, 
identifies  the  following  components  as  the  major 
domains  of  the  education  system: 

•  Outcomes — student  achievement,  i)arlicipati()n,  and 
attitudes  and  aspirations; 

•  Processes — school  quality,  curriculum  quality, 
instructional  quality,  and  teaching  quality;  and 

Inputs — fiscal  and  other  resources,  teacher  quality, 
and  student  background. 

The  liANI)  model  and  others  agreed  that  the  ])rimai7 
Koal  of  instruction  in  science  and  mathematics  is  student 
learning.  The  most  explicit  student  outcome,  and  one 
that  can  be  tied  most  closely  to  schooling  variables,  is 
the  kn()wledt^e,  understanding,  and  skills  gained  by  stu- 
dents— that  is,  student  achievement  in  science  and  math- 
ematics. The  input  and  process  variables  selected  for  the 
models  were  those  that  have  some  causal  relationshii)  to 
student  outcomes. 

In  addition,  the  I^NI)  mod(*l  recognized  that  lh(*  larg- 
er policy  environment  in  which  schooling  occurs  |)ro- 
foundly  influences  educati(  n  in  a  variety  of  ways  and 
must  be  taken  into  consideration  in  atlem|)linK  to  explain 
changes  in  the  major  com|)()nenls  of  s(  hooliiiK.  Federal, 
slate,  and  local  |)()licies  lar^jely  determine  the  level  and 
ty|)e  of  resources  available  to  education,  and  these  poli- 
cies also  influence  wlio  is  allowed  to  teach,  what  content 
is  taught,  and  even  how  it  is  taught. 

Overall,  this  chapter  follows  the  general  framework  of 
the  KANl)  and  NAS/NKC  models.  It  em|)hasizes  student 
outcomes  and  discussions  of  the  major  issues  related  to 
schools  and  curricula  and  teachers.  Th(*  chapter  ends  by 
putting  these  components  of  the  (ulucational  system 
m()d(^l  in  a  policy  context.  S|)ecifically,  it  provides  an 
ovei'view  of  national  and  state-level  education  reforms 
undertaken  recently  and  their  status  and  success  to  date. 


Students:  Achievement,  Interest,  and 
Coursework 

At  the  Education  Summit  in  1989,  the  President  and 
the  governors  (expressed  concern  about  the  country's 
ability  to  C()m|)ele  in  the  global  economy  and  affirmed 
their  commitment  to  equi|)|)inK  all  U.S.  children  with  a 
basic  understanding  of  science,  mathematics,  and  other 
subjects.  A  major  result  of  this  summit  was  the  ado|)tion 
of  six  ambitious  education  ^oals  to  be  accom|)lished  by 
th(*  year  2()()(),  three  of  iIkmii  relating  directly  to  science 
and  mathemafics  achievement  and  literacy: 


•  American  students  will  leave  ^I'^des  4,  8,  and  12 
with  demonstrated  competency  in  challeiiKinK  «iih- 
ject  matter  including  English,  mathematics,  sci- 
ence, hisloiy,  and  ^t'OKraphy;  and  eveiy  school  in 
America  will  ensure  that  all  students  learn  to  use 
their  minds  well,  so  they  may  b(*  |)repared  for 
responsible  citizenshi|),  further  learning,  and  |)r()- 
duclive  emi)l()yment  in  our  modern  economy. 

•  U.S.  students  will  be  first  in  the  world  in  science 
and  mathematics  achievement. 

•  Kveiy  American  adult  will  be  literate  and  will  pos- 
sess the  knowledge  and  skills  necc^ssaiy  to  c()m|)ete 
in  a  Kk)bal  economy  and  exercise  the  rights  and 
responsibilities  of  citizenship. 

National  Assessments  of  Educational 
Progress,  1970-90 

Student  achi(*v(Miient  is  measured  by  performance  on 
national  tests  in  special  areas  such  as  science,  mathemat- 
ics, and  KcoKra|)hy.  For  more  than  2i)  years,  the  National 
Assessment  of  Kducational  Progress  (NAKP)— conduct- 
ed by  the  lulucation  Commission  of  th(*  States  and,  later, 
by  th(*  Kducational  Testing  Service  with  the  siionsorship 
of  the  National  Center  for  Kducalion  Statistics — has 
been  monitoring  the  educational  achievement  of 
American  students  and  chanijes  in  that  achievement 
across  time.  The  results  of  the  NAKP  assessments  have 
raised  national  concern  about  the  level  of  student  knowl- 
edge in  science  and  mathematics.  The  latest  NAKF 
r(*sulls,  for  1990,  showed  that  many  students  appear  to 
be  Ki'idualiiiK  from  hi^h  school  with  little  of  the  science 
and  mathematics  knowledge  required  by  the  fastest 
^rowiiiK  occupations  or  for  college  work.  For  example, 
a|)|)r()ximalely  half  of  the  students  in  ^rade  \2  ^raduat- 
iiiK  fi'<-iii  s(  'ool  today  a|)|)ear  to  have  an  understanding 
of  mathematics  that  does  not  extend  much  beyond  multi- 
plication and  two-step  probhMiis  (Sth  urMlv  level) 
(Mullis  et  al.  1991b,  p,  7).  In  addifion.  a  seri(*s  of  interna- 
tional studies  confirmed  the  low  achievement  level  of 
U'.S.  students,  showing  that  U.S.  stud(MUs  in  8th  K>'ade 
mathematics— and  even  advanced  12th  ^rade  mathemat- 
ics and  science  stud(Mits— |)erf()rmed  substantially  below 
the  levels  of  students  in  many  other  advanced  c()iuitri(*s. 

In  1990,  NAKF  tested  national  •  am|)les  of  9-,  i:5-,  and 
17-year-olds  in  science  and  mathematics.  The  1990 
results  allowed  NAKF  to  pei^form  a  20-year  trend  analy- 
sis drawing  on  six  assessments  in  science  0970,  1973, 
1977,  1982,  198(5,  and  1990)  and  a  17-year  trend  analysis 
drawing  on  fiv  assessments  in  malh(Miialics  (1973,  1978, 
1982,  1986,  and  1990).  Also,  for  the  fn^sl  lime,  ei^dith  ^rade 
stud(Mit  proficiency  in  mathematics  was  assessed  in  a  Trial 
State  Assessment  Fro^ram  that  included  :57  slat(*s,  the 
District  of  Columbia,  (iuam,  and  the  U.S.  Virgin  Islands 
(Mullis  et  al.  1991a  and  1991b). 
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Science  Achievement 

NAKP  assrssiiKMits  sukkisI  that  sciiMU't*  adiifvcMiiriit 
lovds  wiMV  about  tin*  sanu^  in  U)!)()  as  thry  \wvv  in  1970. 
Ia^vcIs  ()1  piMlorniancT  in  tin*  six  assi^ssiiuMits  varied, 
h()W(»v(M\  owvv  the  2()-year  span.  AvtM  a^t*  scones  (UvHiuhI 
S(Mr.t  whai  in  the  l{)7()s  airl  incnMsed  in  the  UKSOs.  Yc[ 
anioiiK  17*year-()l(ls — unlike  9-  and  KWear-olds — scienec^ 
perlbnnanct*  did  not  return  to  the  level  achieved  in  1970. 
(See  figure  1-1.) 

Achievement  by  Minorities.  AviM'a,ue  science  profi- 
ciency a'uoivu  blacks  and  Hisi)aiiics  reniained  far  ])el()w 
that  kA  v*;hile  sUidents.  Howi^ver,  fi'oni  1977  to  19(S(\  th(* 
dilT(M*e:<c;»  between  minority  and  white  students  nar- 
rowinl  For  example,  fn)m  1!)77  to  198l\  the  difference 
between  black  and  white  ll-year-olds  dediiu^d  from  r)5 
lioints  to  .)(>  poinls,  from  18  to  points  for  llWear-olds. 
and  from  r)8  to  45  points  for  17-year-()kls.  In  1990.  the  dif- 
f(T(Mice  betwetMi  white  ;;iid  black  students  remaiiuul 
about  the  same  as  in  19H(i  In  ail  three  a^^e  groups,  ^ains 
by  black  students  during  the  last  1  years  wen*  slightly 
less  than  those  by  whites.  Amon^'  Hispanic  students  in 
all  three  a:,a*  groups,  ^^ains  in  student  achit^vcment  from 
19«()  to  1990  wen^  nearly  icientical  to  thosc^  of  white  stu- 
dents. Finnre  1-2  shows  1990  science  proficiency  by  the 
three  groups. 

Achievement  by  Females.  In  1990,  the  avera^^e  sci- 
ence performance*  of  ftMiiales  in  all  three  a^e  ^n-oups  was 
lower  than  that  of  mah^.  conlinuinii  a  trend  that  had  exist- 
(*(l  since  the  first  assc^ssment  in  1970.  (Siu^  fi^vire  l-W,)  The 
diflerence  betwetMi  males  and  femal(*s  in  science 
achievement  remained  about  the  same  over  the  two 
decades.  At  a^e  17,  tin*  diflerences  were  ^realer  than  at 
a^es  i;>  or  9.  For  17-yt*ar-()lds,  trends  in  performance 
were  c()mparal)le  for  males  and  lemales,  with  both  show- 
ing (hrlini^s  iVom  1970  to  19(S2.  followed  by  improve- 
ments from  19K2  to  1990.  For  F^-year-olds.  average 


Figure  1-2. 

U.S.  average  science  proficiency, 
by  race/ethriicity:  1990 
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scores  ol*  both  males  and  fiMiiaK^s  (Krlined  from  1970  to 
1977  and  then  increased  significantly  from  1977  to  1990 
to  reach  levels  approximately  (^qual  to  those*  in  1970.  For 
9-year-()lds,  the  science  proficiency  of  males  in  1990  was 
at  the  same  level  as  in  1970.  but  significant  improve- 
ments lor  fcMiiales  from  19(S()  to  1991)  raistnl  their  profi- 
citMicy  to  a  levt^l  somewhat  higher  than  in  1970.  (See  ap- 
pendix table  1-F) 

Level  of  Student  Proficiency  in  Science 

Tin*  NAl^PscitMice  scale  developed  by  the  Fducational 
Testing  StM*vic(*  cxtiMuls  from  0  to  r)00.  To  aid  interpreta- 
tion of  the  scort^s,  a  ^M'oup  of  science  subjtvt  t^xperts 
exaniimMl  llic  test  questions  answert^d  successfully  by 
students  scoring  ^it  i*ach  of  five*  differetU  levtds.  The 
(*xp(M*ts  (K^scribed  each  of  the  levels  in  terms  of  what  a 
stud(Mit  knows  or  can  do  in  science.  (Set*  text  table  M 
and  appendix  table  1-2.) 
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Figure  1-3. 

U.S.  average  science  proficiency,  by  gender:  1990 
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Text  table  M. 

Overall  science  proficiency:  1990 

Age 

Level  Description  9      13  17 

Percent 

1 50  Knows  everyday  science  facts ....  97  1 00  1 00 
200    Understands  simple  scientific 

principles   76     92  97 

250    Applies  basic  scientific 

information   31      57  81 

300    Ai  lalyzes  scientific  procedures 

and  data   3      11  43 

350     Integrates  specialized 

scientific  information   0       0  9 

See  appendix  table  1-2.        Science  &  Engineering  Indicators  -  1991 
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U.S.  average  mathematics  proficiency 
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In  ^.jt'iirral,  stii(l(Mits  pcrloniicd  well  on  questions 
al)out  scit'ntillc  facts  (\vvv\  11)0).  partk'ulaiiy  iftho  qiu^s- 
tions  involv(*(l  inlonnation  liki^ly  to  hv  (Micountci'cd  in 
ov(MT(lay  rx|)oritMK't\  HowtwcM',  ptM'lonnaiuu*  U^vcls 
(Irm^ascd  as  studtMits  (Micountcrcd  (|ii(*stions  that  askc^d 
[hvm  to  analy/r,  ovaluati\  apply,  of  otlu^nvisc*  d(^al  with 
nioiv  conipk'x  and  dtlaiU^d  inlonnation  (Mullis  lf)91b). 

From  11)77  to  incrt^asin^^  p(M'ct>ntaKcs  of  9-  and 
l>)-y('ai'-olds  wctc  abk^  to  uiukM'stand  siinpk^  sciontillr 
principk's  (k^vH  200)  and  apply  IIum;*  sfii^ntiHc  knowl- 
vi\^c  (\vwc\  250).  (StH'  appiMidix  table  1-2.)  IlowcvtM*.  17- 
ycar-olds  madr  virtually  no  proj^rcss  in  st  iontillc  pi'oll- 
cicncy  at  any  k*V(*l.  Fi^wcm*  iVinalos  thian  niak^s  wvw  able 
to  pcM'forni  at  the  hij^lu^st  two  pi'ofii  iency  k^vels.  and 
fcwci'than  1  in  10  17-yt^ar-olds  dcinonsli'ati^d  tin*  hij^lu^st 
level  of  science  undtM'standinj^. 

In  summary,  some  i:]'oj^ress  occui'rei!  from  H)77  to 
1000  in  the  piM'centaj^t^s  of  0-  and  KJ-year old  students 
who  perfornu^d  at  or  nbov  '  th(^  thrtn'  lower  li^vi^ls  on  the 
proficiency  scak\  Howt^ver.  17-year-olds  shoW(Ml  littk^ 
proj^ress  at  any  scak^  levi^l.  and  their  ability  to  inti^^^rate 
specialized  scientific  information  remained  low. 

Mathematics  Achievemetit 

'IVtMids  in  studtMit  aclnevement  levels  in  mathematics 
were  similai'  to  trtMuls  in  science  achit^vtMn(Mit.  Declines 
in  the  1070s  yAVW  foHowt^d  by  incn^ases  in  tht^  HWOs.  By 
1000.  avera^^e  mathematics  proficiency  amon^^  0-year- 
okis  was  sij^nificantly  hij^her  than  in  WYiW:  amon^i  lii-  and 
17-y(»ar-()l(ls,  perlormance  surpassed  or  rt^uiMu^d  to  (earli- 
er levels.  (See  ll^ure  1-4.) 

Achievement  by  Minorities.  Ileiween  107:5  and 
1!)0().  white.  black»  and  iUspariic  O  yt^ar-olds  all  showed 
sij^nilicant  iniproveuKMit  in  average  matluMnaties  profi- 
ciency, with  much  of  I  his  improveincMit  occurrinji 
between  10S()  and  1000.  (See  apiUMidix  tabk^  11.)  Al  a.^v 
i:!.  black  and  Hispanic  students  made  si.i^nificant  K^iins 
foHowinji  1!)7:).  witli  most  of  the  improvtMUent  occurr!n.t,^ 


betw(HMi  1078  and  108(),  whik*  piMiormanci*  of  white* 
year-old  students  riMnaiiu^l  relatively  consist(Mit  across 
the  assessmiMits.  Amon^^  17-year-ol(ls,  blacks  j^aiiunl  si^^- 
nillcantly.  raisin^^  their  scores  about  10  points  between 
tin*  first  ass(»ssment  and  1000.  Hispanic  17-y(*ar-olds 
made  modest  ^Jtins  durin^^  the  1080s,  wliile  whites  coni- 
pensat(Ml  foi'  declines  in  the  1070s  with  small  K^ains  that 
returned  tluMn  in  1000  to  their  ori^^inal  107!^  prollcicMicy 
k'vel. 

Thus,  black  students  made  si.ijniricant  pro^^ress  at  all 
a^cs,  Hispanic  students  improved  si^^nificantly  at  a^cs  0 
and  K),  and  white*  studiMits  mad(*  si^niificant  ^^ains  at  a^^e 
0.  Althouj^h  black  and  Hispanic  students  iiarrowi^d  the 
shown  in  previous  matlKMiiatics  assessmiMits  be- 
tw(*en  lluMi'  ptM'formance  and  that  of  whit(*  students, 
these  dilTerences  remained  lar^^e  in  1000  in  all  thr(H'  a^^e 
j^roups.  (S(H*  fi^'uri*  l-f).) 


Figure  1-5. 

U.S.  average  mathematics  proficiency, 
by  race/ethnicity:  1990 

Scale  points 
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Figure  1-6. 

U.S.  average  mathematic?i  proficiency, 
by  gender:  1990 


Scale  points 


9-year-olds        1 3-year-olds       1 7-year-olds 


See  appendix  table  1  -4.       Science  &  Engineering  Indicators  -1991 

Achievement  by  Females,  Both  female  and  iiiaK^  9- 
year-olds  made  significant  ^aiiis  bciween  1973  and  1990, 
with  most  of  the  improven.ents  o.Turrinfi  during  the 
1980s.  (See  appendix  table  \-^.)  Male  and  female  9-year- 
old  students  showed  approximately  the  same  level  of 
mathematics  proficiency  in  all  of  the  assessments  from 
1973  to  1990.  Thirteen-year-old  males  and  females  also 
showed  improvements  between  1973  and  1990,  but  their 
progress  was  gradual.  Virtually  no  difference  separated 
^he  levels  of  performance  by  the  two  groups  in  any  of  the 
assessments.  Among  17-year-olds,  the  performance  of 
males  improved  during  the  198()s.  but  did  not  return  to 
the  level  of  1973.  Trends  for  females  showed  the  same 
patterns  as  males,  but  their  gains  were  somewhat  larger 
during  the  1980s.  As  a  result,  tlu^  slight  performance  gap 
between  male  and  female  students  at  age  17  nearly  dis- 
appeared between  1973  and  1990.  Furthermore,  as 
shown  in  figure  l-(r  the  difference  in  scores  between 
males  and  females  at  any  age  group  is  minimal. 

Level  of  Student  Proficiency  in  Mathematics 

As  in  the  science  NAEP  assessments,  five  levels  of 
mathematics  profici(Micy  w(M*e  established,  in  this  case 
by  a  team  of  matluMnatics  educators.  {See  text  table  1-2 
and  appendix  table  l-^S.) 

hi  the  1990  assessment,  whiU»  tin*  average  9-year-()l(l 
student  scor(*d  at  about  the  expected  lev(^l,  scores  for 
older  students  averaged  substantially  lower  than  the 
expected  levels  (Mullis,  Owen,  and  Phillips  1990).  The 
fact  that  Ihv  average  student  gained  mor(^  b(Hw(»en  ages 
9  and  13  (41  points)  than  between  ages  13  and  17  (34 
points)  suggests  that  tin*  U.S.  mathematics  curriculum 
facilitates  mon^  learning  in  the  lower  grades.  (See 
appendix  tabu*  1-5.) 

Significantly  greater  ptMXtMitages  of  9-year-olds 
showed  proficiency  in  beginning  skills  and  understand- 
ing and  in  basic  o|)tM*ations  and  k^ginning  problem-solv- 
ing in  1990  than  in  previous  ass(*ssments.  (See  appcMidix 
table  1-5.)  These  improvements  in  mathematics  profi- 


ciency occurred  in  all  three  racial/ethnic  groups  and 
among  both  males  and  females,  (iains  wert»  es|)ecially 
noteworthy  among  blacks.  (See  appendix  table  1-(S.) 

Thirteen-year-olds  as  a  group  made  significant  gains  in 
basic  operations  and  beginning  probkMii-solving:  thn^e- 
fourths  i)erf()rmed  at  .tv  above  this  level  in  1990  com- 
pared to  under  two-diirds  in  1978.  (Jirls  improvt^d  Uieir 
|)r()riciency,  and  by  1990  they  performed  at  about  tlie 
same  level  as  boys,  liirgi^  gaps  in  performance  still  sepa- 
rated whites  and  minorities  in  1990,  but  minorities  had 
made  substantial  gains.  Compared  to  1978,  1:^0  percent 
more  blacks  and  21  percent  more  Hispanics  were 
demonstrating  proficiency  in  1990  with  basic  operations 
and  beginning  problem-solving. 

Of  17-year-olds  in  1990,  almost  all  (96  |)ercent)  were 
able  to  solve  exercises  involving  basic  ()|)eratioiis  and 
beginning  problem-solving.  This  performance  repre- 
sented a  significant  improvement  from  1978,  when  only 
92  percent  reached  this  level.  Also,  59  |)ercent  of  the  17- 
year-olds  demonstrated  a  grasp  of  moderately  comi)lex 
procedures  and  reasoning,  compared  to  52  |)ercent  in 
1978.  Minority  gains  at  this  proficiency  lev(4  wtMV  pro- 
nounced. Hispanics  who  demonstrated  |)roficiency  with 
moderately  complex  procedures  increased  from  23  per- 
cent in  1978  to  30  percent  in  1990.  The  percentage  of 
blacks  virtually  doubk»d— from  17  percent  in  1978  to  33 
percent  in  1990.  Howt^ver,  no  grou|)  showed  inii)rove- 
ment  in  proficiency  with  multi-step  problem-solving  and 
algebra. 

NAI^>P  analysts  found  several  encouraging  aspects  to 
the  1990  mathematics  assessment  findings.  First,  virtually 
all  students  showed  guuis  in  basic  mathematics  under- 
standing, a  result  that  was  maintained  and  e7(Mi  improv(»(l 
slightly  across  the  assessments.  Second,  all  three  ages 
showi*d  significant  increases  in  the  peirentages  r(»aching 
the  middle  levels  on  the  scale.  Third,  this  |)hen()men()n 
was  most  deaiiy  evident  in  the  trend  results  for  black  and 


Text  table  1-2. 

Overali  mathematics  proficiency:  1990 


Level 

Description 

9 

Age 
13 

17 

Percent 

150 

99 

100 

100 

200 

Beginning  skills  and 

82 

99 

100 

250 

Basic  operations  and  beginning 

28 

75 

96 

300 

Moderately  complex  procedures 

1 

17 

56 

350 

Multi-step  problem-solving  and 

0 

0 

7 
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Hispanic  students  at  all  a^es.  Kiiially,  the  tieiids  by  k^mi- 
der  showed  systematic  and  ^^Mierally  equivalent  lates  of 
progress,  with  females  naiTowing  the  gap  that  existed  at 
age  17  and  at  the  higher  scale  levels. 

On  the  other  hand,  concerns  continue  because  few 
students  demonstrated  proficiency  at  the  highest  level 
and  because  trends  across  time  show  no  increase  in  the 
perc(»ntage  of  students  leai'ning  more  advanced  mateiial 
(Mulliset  al.  1991b,  p.  102). 

State-Level  Student  Achievement.  As  part  of  the 
1990  NAEP,  states  and  territories  could,  on  a  voluntary 
basis,  participate  in  the  mathematics  assessment  of 
eighth  graders.^  The  1990  Trial  State  Assessment 
Program  results  showed  that  (Mghth  grade  students  in  11 
states  scored  an  average  of  270  points  or  higher.  (See 
appendix  table  1-7.)  Kighth  grade  students  in  North 
Dakota  attained  the  highest  average  score  of  281,  but 
North  Dakota,  Montana,  Iowa.  Nebraska,  Minnesota, 
and  Wisconsin  had  similar  overall  average  proficiency. 
These  six  states  also  were  the  only  ones  whei'e  one-fifth 
or  more  of  their  eighth  grade  students  demonstrated  a 
grasp  of  problems  involving  fractions,  decimals,  per- 
cents,  and  simple  algebra  (level  300).  Other  states  with 
relatively  high  avei'age  proficiency  score^^  W(Te  New 
Hampshire,  Idaho,  Wyoming,  Oregon,  and  Connecticut. 

Considerable  differences  in  overall  average  mathemat- 
ics proficiency  separated  eighth  grade  students  in  the 
higher  performing  states  from  those  in  the  lower  scoring 
states.  The  higher  performing  states  tended  to  have 
fewer  students  in  cities  with  large  populations,  fewer  stu- 
dents in  free  lunch  programs,  smaller  percentages  of 
black  and  Hispanic  students,  smaller  percentages  of  stu- 
dents with  both  parents  at  home,  and  smaller  percent- 
ages of  students  watching  6  or  more  hours  of  television 
each  day.  Higher  performing  states  also  tended  to  be  in 
relatively  less  densely  populated  areas.  The  lower  per- 
forming states  tended  to  be  in  the  Southeast. 

Geography  Achievement 

As  previously  indicated,  a  national  education  goal  iden- 
tified by  the  President  and  the  Nation's  governors  is 
demonstrated  student  competence  and  understanding  in 
geography.  In  1988,  the  NAI^P  Center  of  the  Educational 
Testing  Service  tested  high  school  seniors  on  their  know- 
ledge of  foui'  areas  of  pi'oficiency  in  geography — location 
and  place,  skills  and  tools,  cultural  geogi'aphy,  and  physi- 
cal geography.-  The  assessment  results  showed  that, 
overall,  U.S.  high  school  seniors  had  a  weak  grasp  of 
geogi'aphy. 

Students  were  most  profieicMil  in  locating  major  coun- 
tries. Kor  example,  87  percent  could  identify  Canada  on  a 


'AlloKt'tluT.  !!7  staifs,  tin*  DislricI  ot  Coliiinbiiu  (iuain.  and  tin*  T.S. 
Virgin  Islands  participalod  in  llic  niallu'inalics  assfssinml. 

"ilH*  UISS  Kt'ojjraphy  asscssnicnl  (Allen  v\  al.  VM))  was  based  on  a 
national  probability  sample  (d  more  than  MH)  public  and  private 
schools  across  tlie  I  h]\{v{\  Statt^s. 

O 
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world  map;  87  perccMil  also  knew  wh(Te  the  Soviet  Union 
was  located.  But  when  they  were  asked  to  identify  cities 
anu  land  features,  only  58  percent  could  locate  Jeru- 
salem on  a  I'egional  map,  and  just  36  percent  knew  that 
Saudi  Arabia  borders  on  the  Persian  (nilf  and  the  Red 
Sea.  (Note  that  this  study  was  conducted  before  the  Ciulf 
War.) 

Students  also  did  not  do  well  on  questions  testing 
graphy  skills  and  tools,  Foi'  example,  v/hen  shown  a  dot 
map  of  population  distributions  in  Kurope,  India,  China, 
and  Japan,  almost  one-quarter  of  the  test-takers  indicated 
that  the  map  represented  abundano;*  of  mineral  deposits; 
only  one-half  recognized  that  the  map  represented  popu- 
lation concentrations. 

Students  perfonned  relatively  well  on  questions  involv- 
ing cultural  geography,  particularly  when  the  questions 
related  to  events  and  locations  featured  in  the  news,  llius, 
79  percent  appeared  to  understand  the  primary  way  to 
control  acid  rain,  and  69  percent  identified  a  risk  to  the 
environment  resulting  from  the  use  of  pesticides.  Scones 
declined,  however,  when  questions  probed  for  more 
indepth  understanding.  Only  59  percc^nt  recognized  the 
consequences  of  cutting  down  the  rain  forests,  and  only 
53  percent  identified  a  cause  of  die  greenhouse  effect. 

Finally,  in  terms  of  physical  geography  (climate, 
weather,  tectonics,  and  erosion),  most  students  could 
recognize  major  features,  but  a  surprisingly  large  minor- 
ity could  not.  Kor  example,  only  about  two-thirds  of  the 
students  knew  the  cause  of  the  Earth's  seasons,  and  just 
three-fifths  recognized  evidence  of  faulting  in  a  cross- 
se'Jtional  drawing  depicting  a  sharp  fracture  in  the 
harth  s  crust. 

Achievement  by  Females  and  Minorities.  Signifi- 
cant disparities  in  geography  proficiency  existed  be- 
tween white  students  and  their  black  and  Hispanic  coun- 
terparts. Whites  scored  an  average  of  43  points  above 
blacks  and  almost  30  points  above  Hispanics.  The  aver- 
age performance  of  12th  grade  males  was  about  16 
points  higher  than  that  of  their  female  classmates  (Allen 
et  al.  1990).  Of  the  subject  matter  performance  assess- 
ments conducted  by  NAI{P  in  1986  to  1988,  the  largest 
gap  between  average  performance  of  males  and  females 
was  in  geography. ' 

Geography  Coursework.  As  i)art  of  the  1988  g(H)gra- 
I)hy  ass(*ssment,  students  were  asked  to  report  on  their 
g(H)graphy  coursetaking  and  the  extcMit  to  which  they 
had  studied  in  class  the  topics  coverc^d  in  the  assessment. 
The  information  received  suggested  two  conclusions: 

•  Overall,  geography  was  not  emphasized  in  U.S. 
high  schools. 

•  As  the  amount  of  time*  (Unvoted  to  the  study  of  spc*- 
cific  topics  increas(*d,  student  performance  in  these 
topic  areas  also  rose  (Allen  et  al.  1990). 

'National  assessments  were  niiKliu  led  (Inrin)^  U^^^(^-H8  in  readinj^. 
inalluMnatics.  seiduv,  r,S.  Iiistory.  civics,  and  Kt'o^raphy. 
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The  first  coiidusion  is  borne  out  by  an  analysis  of  hiKli 
school  transcripts  (Westat  1988).  Analysis  showed  that 
only  16.5  percent  of  all  high  school  Kraduates  had  earned 
at  least  0.5  credits  in  geography  in  1987,  approximately 
the  same  percentage  of  graduates  as  in  1982.  Also,  in  a 
survey  conducted  in  1988,  only  nine  states  reported  that 
they  required  students  to  take  a  geography  course  before 
they  graduated  from  high  school  (CCSSO  1988). 

International  Context  of  Achievement 

International  comparisons  of  science  and  mathematics 
achievement  have  consistently  found  that  students  in 
Japan,  Korea,  and  Hong  Kong  scored  far  above  U.S.  stu- 
dents in  middle  school  or  high  scho:)l  (McKnight  et  al. 
1989  and  Upointe,  Mead,  and  Phillips  1989).  Studies 
examined  differences  in  school  coverage  of  the  test  U)\> 
ics  and  found  that  Asian  countries  covered  more  of  these 
subjects  in  school  than  did  the  United  States.  However, 
not  all  of  the  differences  in  student  performance  could 
be  attributed  simply  to  classroom  coverage  of  test  topics. 
Other  factors  were  also  found  to  be  important,  as 
described  below. 

A  recent  study  assessed  children's  mathematics 
achievement  in  the  first  and  fifth  grades  in  three  large 
metropolitan  areas:  Sendai,  Japan;  Taipei,  Taiwan;  and 
Minneapolis,  Minnesota.^  The  n-searchers  tested  stu- 
dents* cognitive  abilities,  observed  them  and  their  teach- 
ers in  classrooms,  and  intemewed  the  children  and  their 
mothers  and  teachers. 

nie  researchers  examined  the  children  s  achievement 
in  relation  to  three  major  factors:  their  intelligence,  their 
experiences  in  school,  and  their  experiences  at  home. 
Based  on  a  battery  of  cognitive  tests,  the  researchers 
found  no  evidence  that  children  in  the  two  Asian  cities 
were  more  intelligent  than  those  in  Minneapolis.  They 
did  find,  however,  that  Minneapolis  children  were  at  a 
relative  disadvantage  in  mathematics  as  early  as  the  first 
grade.  Because  these  differences  in  performance 
appeared  so  early  in  children's  schooling,  researchers 
concluded  that  factors  at  home  as  well  as  at  school  must 
be  responsible  for  them.  Upon  further  analysis  of  the 
study  results,  the  researchers  identified  several  factors 
that  appeared  to  underlie  the  relatively  poor  mathemat- 
ics performance  of  Minneapolis  children;  these  are 
described  below. 

Time  Devoted  to  Academic  Activities^  There  wen* 
significant  differences  in  the  amounts  of  {'vav  given  to 


'This  sludy  was  conducted  with  1 .440  sludiMils  allciHlinK  idciiuMitaiy 
schools  ill  Uic  three  cities  {2  \U  first  ^laders  am!  LMO  fifth  graders  in 
each  city).  The  ehil(h-en  were  selected  irotn  L'O  classrooms  at  each 
^rwiW  ill  each  city  and  constituted  a  representative  sample  of  children 
from  these  classrooms.  In  a  lollowup  study,  first  graders  w(Me  saidied 
a^ain  when  they  were  in  the  fifth  urade.  'llie  children  were  tested  with 
achievement  tests  in  mathematics  and  reading  constnicted  specifically 
for  this  sludy.  the  children  and  tluMr  mothers  were  inter\'iewed.  the 
children's  teachers  filled  out  ;i  (juestiounaire,  and  intei^iews  were  held 
with  the  principals.  In  the  fidlowup  study,  achievemeni  i^^ts  wen' 
administered,  and  the  children  and  their  mothers  were  interviewed, 
more  information,  see  Stevenson  and  ShinA'itiK  (UHH)). 


academic  activities  in  classrooms  in  the  two  Asian  cities 
and  in  Minneapolis.  The  percentage  of  time  so  devoted 
in  Minneapolis  classrooms  was  64  percent,  compared 
with  87  percent  in  Sendai  classrooms  and  92  percent  in 
those  in  Taipei.  Minneapolis  fifth  graders  averaged  20 
hours  a  week  on  classroom  academic  activities;  fifth 
graders  in  the  two  Asian  cities  spent  33  and  40  hours, 
respectively,  on  such  activities. 

In  Minneapolis  classrooms,  more  of  this  academic 
time  was  dedicated  to  reading  and  language  arts  than  to 
mathematics.-'  hi  the  first  grade,  2.7  hours  were  spent  on 
mathematics  instruction  in  Minneapolis  compared  to  4.0 
hours  in  Taipei  and  5.8  hours  in  Sendai  classrooms,  hi 
the  fifth  grade,  3.4  hours  of  mathematics  were  taught  in 
Minneapolis  classrooms  compared  with  11.7  hours  in 
TaipcM  ;ind  7.8  hours  in  Sendai.  Thus,  on  average,  chil- 
dren in  the  two  Asian  cities  spent  over  twice  the  amount 
of  time  on  mathematics  in  the  classroom  as  did  Minne- 
apolis children.  (See  figure  0-13  in  Overview.) 

Mothers'  Goals  and  Standards  for  Academic 
Achievement  Unlike  the  mothers  surveyed  in  die  two 
Asian  cities,  Minneapolis  mothers— although  interested 
in  their  children's  education— were  less  prone  to  require 
their  children  to  demonstrate  high  levels  of  academic 
achievement.  Minneapolis  mothers  generally  became 
dissatisfied  only  when  their  children's  school  perfor- 
mance was  well  below  average.  On  the  other  hand,  aca- 
demic performance  dominated  the  attention  of  mothers 
in  the  two  Asian  sites,  although  they  focused  their  con- 
cerns on  different  aspects  of  achievement.  Sendai  moth- 
ers, recognizing  that  grades  have  little  relevance  in 
Japan  in  gaining  admission  to  prestigious  schools,  were 
most  concerned  that  their  children  learn  the  information 
necessary  to  pass  entrance  examinations.  For  their  part, 
mothers  in  Taipei  viewed  high  grades  as  the  primary 
measure  of  success  in  elementary  school. 

Children's  Perceptions  of  Their  Own  School 
Achievement  In  self-ratings  of  how  well  they  were 
doing  in  their  mathematics  schoolwork,  Minneapolis 
children  tended  to  give  themselves  the  highest  ratings, 
but  they  actually  did  less  well  on  achievement  tests  of 
mathematics  ability  than  the  children  in  Taipei  and 
Sendai.  In  ratings  of  their  mathematics  achievement  in 
school,  Sendai  and  Taipei  fifth  graders  tended  to  rate 
themselves  as  near  average,  while  Minn(*apolis  fifth 
graders  gave  themselves  the  highest  ratings. 

In  this  regard,  some  of  the  strongest  correlations  ob- 
tained in  the  study  were  between  the  children's  ratings 
of  hov/  good  they  thought  they  wen^  in  a  subject  and 
how  much  ihvy  liked  the  subject.  Cliildren  clearly  liked 
the  subjects  in  which  they  thought  they  were  doing  well 
and  disliked  the  subjects  in  which  they  thought  they 


These  same  priorities  are  favored  hy  American  parents  who  may 
not  appreciate  the  impoHanee  of  mathematics  in  their  ehildren's  later 
edueation  and  work.  In  interviews.  American  mothers  cited  reading  as 
the  subjeet  that  should  receive  increased  emphasis  in  school. 
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were  doiiiK  poorly.  Why  did  die  children  in  Miiiiu^apolis 
lik(*  matluMiiatics  and  b(»lie»ve  that  they  v/v\v  jjood  at  it? 
The  research(»rs  coiicUkUmI  that  the  aiisw(»r  S(»eiiu»d  to 
be  that  the  niatheiiiaties  eurrieuluin  in  Minneapolis 
schools  was  easier  than  those  of  the  two  Asian  citi(*s. 
Analyses  of  mathematics  textbooks  used  in  the  Uiree 
cities  seemed  to  support  this  conclusion.  For  (»xampK , 
mathematics  concepts  ttMuled  to  hv  introduciMl  somi^- 
what  earlier  in  vSendai  than  in  Minneapolis  schools. 

Roles  of  Mothers.  The  r(»s(»archers  jjained  tb"  mh- 
pression  that  Minneapolis  mothers  wei  (»  dedicat(*d  to 
their  children's  d(*vek)pnuMit  durinjj  tluMr  prc^school 
years  but  that  they  abdicated  some  of  tluMr  responsibili- 
ties to  the  teacluT  onct*  th(»  children  enter(»d  school. 
This  tendency  was  tin*  oppositt*  of  what  occurr(»d  in 
homes  in  the  two  Asian  cities,  hi  all  thre(»  cultures,  tin* 
pn*school  years  wer(»  a  tinu*  of  fret^dom  and  indulgence*, 
and  Uiere  was  no  fjr(»at  c()nc(»rn  about  tin*  chihUs  l(»arn- 
in^  academic  skills.  Hut  from  the  time  that  the  child 
entered  school  in  1  aip(»i  and  S(Mulai,  ilu»  child,  the  moth- 
er, and  the  t(*ach(Ts  befjan  th(»  s(Ti()us  task  of  (Mhication. 
The  mort*  y(»ars  the  child  was  in  school,  tlu*  stronjjer  tlu* 
emphasis  on  academic  activities  b(vanu\  On  tin*  other 
hand,  for  the  children  in  Minneapolis,  tin*  transition  into 
elenientaiy  school  was  K^ss  notable — from  th(*  time  that 
they  ent(*red  school,  their  lives  were  not  encumbered  by 
strong  demands  for  academic  exc(*!lence  or  honu^v/ork, 
and  there  was  little  increase  in  demands  during  the  () 
years  of  elementary  school. 

Ability  Versus  Effort  in  Student  Accomplisfiment. 

Minneapolis  m()th(»rs  i(l(MUifu*d  individual  ability  as  one 
of  tin*  most  important  factors  in  acad(»mic  performance,  hi 
contrast,  motluM's  in  tin*  two  Asian  cities  (Miiphasix(*(l 
effort  over  ability  in  academic  achievement,  hi  oihvv 
words,  parents  of  schoolchildren  in  Minneapolis  held  that 
children  of  hijjh  ability  iu*ed  not  work  hard  to  achieve*  and 
that  childriMi  of  k)w  ability  would  not  aclii(»V(»  a^jjardless  of 
how  hard  Uu*y  worker!.  Tin*  Asian  panMits,  on  the  otlKM' 
hand,  considertMl  effort  and  s(df-disciplin(*  (»ss(Mitial  to 
accomplishnuMit,''  Tin*  r(»S(»archers  concluded  that  wh(Mi 
parents  l)eli(»V(Ml  that  succ(»ss  in  school  (lepend(*(l  more  on 
ability  than  hard  work,  tli(7  wviv  k»ss  likely  to  fosti^r  par- 
ticipation in  activiti(*s  reflated  to  acadiMiiic  aclii(»V(Miient, 
i.e„  requiriiifj  that  tluMr  children  spcMid  time  on  lionu^work 
and  participat(*  in  after-school  scholastic  activities. 

Not  surprisinfjly,  the  children  in  the  two  Asian  sites 
spent  considerably  nio'  e  tinu*  on  lionu^work  at  both  the* 
first  and  fifth  fjrade  levels  than  the  Minnc^apolis 
scli()olchildr(»n  (Stev(Mison  v\  al.  IWO).  Accordinjj  to  (esti- 
mates niadc^  by  mothers  of  the  sclioolcliikhvn,  Sendai 


'  Tlic  rt'si'iin  lins  loitiul  no  cviflrm-i*  in  srhools  in  jap;iii  and  Taiwan 
ut  uronpinu  i>l"  stiidmls  within  .uradi^  ai  rordin.i^  to  level  ot  abilils  nor 
wvw  tlici'c  sprriid  (education  leaidn'f^  or  special  i  la^^cs  tnr  shiw  h'arn 
(M's.  'I'lie  rrsearclu'rs  r(»iu*ludr(l  tliai  \hv  Asian  Icai  Ihts  sinn  t  j  ly 
hclirvcd  that  all  rliildrcn  a!  die  rh'n\cn!ar\  levrl  wrtc  l  apahlc  ol  nia^- 
tninu  ihr  ounii  ulutn  and  that  aradcniir  sm■a'^s  was  within  the  ^^ra^p 
ol  all  ihildrrn  it  tlu'V  applied  llu'niscdvcs  in  tin  ir  sidioolwork 
jStevcnsoiU't  nl.  \m)). 


first  graders  spent  more  than  4  times  as  much  time 
doinjj  li()nu*work  as  first  graders  in  MiniK^apolis;  chil- 
dren in  Tai|)ei  spent  10  times  as  much  as  the  Min- 
neapolis childriMi.  At  tin*  fifth  jjrad(»  lev(»l,  vSendai  cliil- 
dr(Mi  still  sp(Mit  ()V(»r  r)()  perciMit  more  time  and  Taipei 
chihlren  spiMit  ()V(*r  [VM\  p(Mr(Mit  nion*  tinu*  than  did  Uieir 
Miiuiea|)()lisc()unteiparts.  (vSee  fijjure  1-7.) 

Top  Mathematics  Test  Scorers 

Althoujjh  ()V(M'all  tnMids  in  sciiMice  and  mathematics 
int(M'ests  and  coursetakinjj  are  us(»ful,  the  sci(MiC(»  and 
enjiiiUHTinjj  (S«S:K)  i)r(Her(Mices  of  talented  lii^h  school 
studcMits  are  particularly  sijjnificant  b(vaus(»  th(»se  individ- 
uals r(M)res(Mit  a  major  source*  of  futun*  sciiMitists  and  (»njji- 
lUHM's.  This  section  exaniiiu^s  data  on  the  proportion  of 
t()i>sc()rinjj  liijjli  school  seniors  (i.(\,  those*  scorinjj  above 
tlu*  9()tli  perc(MitiU*  on  ihv  quantitative  Scholastic  Aptitude 
T(»st — SA'O  who  int(Mid  to  pursue  a  collejji*  major  in  sci- 
(Mic(\  maduMiiatics,  or  enjjiiuHMinjj,  Althoujjh  many  liijjh 
school  seniors  clian^^*  UuMr  major  fiekl  of  study  aft(*r  they 
(Mit(»r  c()lk*jj(\  tin*  SAT  data  siM've  as  an  approximation  of 
how  w(»ll  tli(*  S&K  pr()f(»ssi()ns  are  attractiiif^  liijjh  school 
seniors  ((irandy  199()a.  p.  4).  (i(Mi(»rally,  ihv  (k^cision  not 
to  major  in  an  vS&K  field  means  that  studtMits  will  not  con- 
tinue* to  acquire  tin*  skills  necessary  to  niovi*  into  these 
fields  at  a  later  time. 

Of  liijjh  school  s(»ni()rs  who  scored  above*  the  9()ih  per- 
C(*ntile  on  tin*  SAT  quantitative  (»xani  in  1990,  about  46 
percent  int(*nd(Ml  to  major  in  S&K  fi(4ds  in  c()lle^^(^  (See 
fijjure  1-8.)  Hy  jj(»nd(»r,  p(»rcent  of  all  top-scorinjj 
nial(*s  and  'M  perciMit  of  top-scorinjj  f(Mnales  planned  to 
pursu(*  an  Sc*C'K  major.  I'vnjjiiUHMinjj  was  the  ScKrK  field 
S(dect(*d  by  tin*  larjjest  proportion  of  top-scorinjj  stu- 
(l(*nts  r(*jjardless  of  jj^Mider,  accounting  for  one-fifth  of 
the  total. 


Figure  1-7. 

Mothers*  estimates  of  time  spent  by  their  children 
on  homework 
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SOURCE;  H.W  Stevenson  and  L.  Shin-Ying.  Contexts  of  Achieve- 
ment. Monographs  of  ttie  Society  for  Research  in  Child  Development. 
Serial  No.  221.  Vol.  55.  Nos,  1-2  (1990). 
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Figure  1-8. 

Intended  majors  of  high  school  seniors  scoring  above  the  90th  percentile  on  the  mathematics  SAT:  1990 


Overall,  ihv  proportion  of  lop-scoring'  sUkUmUs  iiitciul- 
iiiK  to  major  in  St!s:K  fu^lds  increased  by  H  ptM*ccntajj[c 
points  from  U)77  to  U)9().  (Sct»  appcMulix  tabic  1-8.)  From 
1977  to  1987,  inlcri»sl  in  an  cnKinciM'iiiK  major  increased, 
risinji  from  14  to  2'^  percent.  Concurrently,  interest  in 
niajorinjj  in  scitMict^  fields  dtrlined  until  1986.  from  27  to 
2?>  percent.  BejjinninK^  in  198(),  lu)wt»ver,  thest*  trends 
be^an  to  reverse:  inttMVst  in  sci(Mice  and  mathematics 
jirew  while  interest  in  eiiK^iiUH^rinK  dropped  slightly.  A 
precipitous  drop  occurred  in  the  number  intending  to 
major  in  tlu^  computer  scienc(»s;  iiU(»rest  in  this  field 
declined  from  a  pt»ak  of  10  percent  in  198:^  to  percent 
in  1990. (See  fi^urt^  14  .)  In  non-SilC'K  fields,  business 
Krt*w  die  most  si^mificantly,  from  7  perct»nt  in  1977  to  15 
|M:»rc(MU  in  1989. 

Over  thes(»  years,  k'wvv  top-scoring'  exatniiuvs  indi- 
cated that  Uiey  w(»ie  undecidt»d  about  tluMr  major  field. 
In  1977,  more  dian  one-third  of  these  stud(»nts  said  that 
tlu»y  wen*  uiuUrid(^d  about  tluMr  colle^^e  major,  com- 
pared with  :^9  pt  rciMit  in  1984.  and  19  \)v\rv\n  in  1990. 
Thus,  the  ^irowth  in  intt»rest  in  sonu*  fields  rt^flects  a 
{jreater  tendency  for  students  to  choose  a  field  at  all. 

DisaKKre^atin^^  the  data  by  gender  and  lacial/ethnic 
jjroup  revivals  that  over  this  period  ^'roups  traditionally 
underrt*|)r(*sentt*d  in  t»ii^Miu*erin^j  were  showing  increas- 
iuK  interest  in  this  field.  (See  appendix  tables  1-9.  1-10. 
Ml.  and  M2.)  Kor  example,  tlu»  proportion  of  toi)-scor- 
iiiK  hlack  females  inlcndin^^  to  major  in  eii^iiv  riiiK  dou- 
bled from  7  percent  in  1977  to  14  ptMcent  in  1990, 
Siniilariv,  black  males  interested  in  an  en^dneeiiiiK  major 
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Figure  1-9. 

Trends  in  intended  majors  of  high  school  seniors 
scoring  in  the  SOth  percentile  on  the  mathematics 
SAT 
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increased  from  2\  to  ?A  p(»rc(»nt  over  the  same  period. 
Thv  comparable  portion  of  whitt^  females  rose  from  5 
percent  in  1977  to  9  percent  in  1990. 
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Chapter  1.  Precollege  Science  and  Mathematics  Education 


S&E  Interests  of  Secondary  School  Students 

Why  do  sonii*  Anu»ncan  secoiulao'  sIikUmiIs  (k^vdop  a 
pivftMUMKT  for  a  career  in  science,  inalheinalics,  or  eii^i- 
neeriiiK  (SMK)  and  pursue  coursi»s  toward  that  obji^c- 
tivi»?  Thv  h)nKilu(liiial  Study  of  AnuMican  Youth  (LSAM 
was  huinched  in  responst^  to  this  question,  to  (kli»nnin(* 
the  rehilive  contributions  of  family,  peers,  teachers, 
chissrooni  expi»riences,  and  school  climate  in  shaping 
studonl  preferences,' 

Kach  semester,  studiMits  y^vvv  asked  to  list  the  two 
occupations  ihvy  thought  thiy  would  most  likely  be  pur- 
suing at  aK^*  40.  Students  who  chose  scientist,  math(^- 
nialician,  enjxincvr,  or  a  Kr^^duate-iKlucaled  nn^dical  pro- 
f(»ssi()nal  as  ihiMr  first  or  sia'ond  choice  were  classified  as 
having  a  preferiMice  for  an  SMK  canuM'. 

Nearly  'M)  percent  of  si^venth  ^radt*  stu(kMits — \)v\'- 
cent  of  males  and  2r>  p(Mvent  of  f(Mnak»s— expn^ssi^d  a 
preference  for  an  SMK  careiM*.  but  these  pt*rcenlaj^i»s 
declined  steadily  throughout  the  nwainiiiK  middle  school 
and  hifrh  school  years.  (S(*e  fij^un*  1-10.)  Mon»()vt*r,  the 
pdvenlaKC  of  female  students  expressiii}.'  a  prefiM'iMict*  for 
an  SMK  career  (leclin(»(l  at  a  fasl(T  rali*  than  that  for  mak* 
students.  By  the  12th  Kr^i^l^*.  fewer  than  1  in  4  male  stu- 


LSAY  was  :i  nalinnal  |)r(>l)jil)ilily  sainplr  of  fi.noo  siiidc  nis  in  .">()  niid- 
(llf  srlmols  and  r>0  liij^li  scliools,  Sludt-nls  wen*  lollowcd  in  tNU'l!  year  "I 
llu'ir  niiddlf  sdiool  and  liiKli  sidiool  years  and  vsvrc  aciniinislcrcd  sd- 
viw  and  niallicnialics  aciiirvcnuMil  tests  eaeii  laii.  (Jneslionnaires  were 
filled  (lilt  l)y  eaeli  sUidenl  in  liie  sample  to  obtain  eoiiise  evaluatinn  and 
allitudinal  data.  In  addition,  approxinialely  l.OIK)  leaeher  reports  were 
eolleeted  each  year  on  all  seienee  and  nialhenialirs  .*oiirses  taken  by 
students  in  the  sample,  and  lelepbone  inleiTiews  were  aindueled  eaeli 
spring  to  ol)tain  lamily  baek^round  information  on  eaeb  LSAY  student. 
LSAY  was  eondiieled  at  ibe  Pnblir  ()i)ini{Mi  LibtMaloiy  Innn  fall  U)S7  to 
fall  !*)*)(). 

Figure  1-10, 

High  school  student  preferences  for  careers  in 
science,  mathematics,  or  engineering:  1987-90 
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SOURCE:  J.D.  Miller,  et  al..  Student  Expectations  of  Careers  In 
Science,  Mathematics,  or  Engineering:  Some  Models  from  tfye  Longi- 
tudinal Study  of  American  Youtt),  draft  report  to  the  LSAY  National 
Advisory  Committee  (DeKalb.  IL:  Northern  Illinois  University,  1990). 
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(li'iils  and  only  about  1  in  10  {v\m\v  sIikKmUs  (»xpivssi»(l  an 
inliM*i»sl  in  an  SMK  canrr  (Miller  v{  al.  1990). 

Tin*  LSAY  resi^airluTs  Ibund  thai  the  st^lcTlion  of  an 
SMK  caiver  in  siTondary  school  was  a  coinpK^x  (kx'ision 
ivfledinKa  wide  array  of  infliuMicvs,  including 

•  Parent  euroura^emnit  and  pn^ssiin*  to  achit»ve  aca- 
(kMiiicaliy,  to  k<)  l<)  C()lk»K^\  and  to  do  well  in  nialhe- 
nialics; 

•  Parental  resources,  which  wttvci  ihv  \v\v\  of  partMit 
education,  availability  of  hoint*  learning  resources, 
and  tMn|)l()yment  of  tMther  parent  in  science  or  en^i- 
ntrriiiK; 

•  Student  gender;  and 

•  Persistence  ^'^^  mathematics — duiinK  hij^h  school  in  par- 
ticular, iHM'sisltMKH*  in  advanct^d  niatluMiiatics  bt^-anie 
a  major  predictor  of  SMK  career  exiH*ctations, 

The  relative  impact  of  tln»sc  influiMices  changed  over 
time.  For  t^xample,  during  tin*  middle  school  yi^ars,  stu- 
dents were  uncertain  about  longer  ti»rm  cancer  choices, 
and  tlu^  (expectation  of  an  SMK  careiM*  was  weakly  associ- 
ated with  parent  tMicouraKement  and  parental  n^sourct^s. 

In  hi^h  school,  as  more  students  be^an  to  arrive  at 
firmer  conclusions  about  their  career  choict^s,  partMit 
encouragement,  studiMit  ^endei',  and  persistence  in 
mathematics  all  bivann*  increasingly  important  predic- 
tors of  an  expected  career  in  SMK.  Hy  K^'ade  10.  the 
influenci*  of  pannit  iMicoura^ement  was  evidenctxl  by  an 
increased  likelihood  of  higher  ^nules  in  science  and 
inatluMiiatics  courses  and  persistence  in  advanci^d  math- 
iMiiatics  courses.  Students  with  hi^hiT  U»vels  of  parental 
n^sources  wi»re  significantly  more  likely  to  enroll  in 
a(lvanc(»(l  matluMnatics  coursi^s.  to  participate*  in  informal 
science  education,  and  to  earn  higher  ^nules  in  science 
courses. 

PariMit  iMicouraKement  was  i*sp(*cially  important  in  the 
formulation  of  canuT  (*xpi*ctati()ns  of  hi^h  school  ^ivh. 
This  result  su^K^^sti^d  that  amoiiK  families  with  higher 
lev(*ls  of  n*S()urces,  males  mi^ht  tend  to  see  an  SMK 
can»er  as  a  natural  and  reasonabh*  choice,  but  females 
ne(*(l(*(l  more  encouraKenuMit  to  choosi*  a  career  in  a  tra- 
ditionally maliMlominated  field. 

Course  Enrollment  in  Secondary  Schools 

KirtMit  n*si*arch  demonstrators  thi*  critical  role  that  en- 
rollment in  particular  coursi^s  in  hi^h  school  has  on  col- 
U»jxe  attiMulance  and  completion  rates  anions  students, 
including  minority  and  poor  students.  Accordingly, 
incri»asi*(l  course  n*quirements  in  a  con*  of  academic  sub- 
j(rls  was  a  central  tln*me  of  educational  n^forms  in  the 
1980s.  H()wi»ver.  a  report  that  reviewed  thi*  coursetakin^ 
patterns  of  studiMils  between  1982  and  1987  concluded 
that  while  some  states  succeeded  oviTall  in  stnMiKtluMi- 
injX  th(Mr  con*  hij^h  school  curriculum.  '*tln*  cours(*takinK 
re(iuirem(Mits  l(*avi*  room  foi'  improvement  in  dosing  thi* 
amoiiK  sub^^roups  at  all  U*vels  and  in  reducing  differ- 

Ml 
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iMices  that  r(»sult  from  disparate  social  and  economic 
backKi-ounds**        1989,  p.  17). 

Enrollment  Trends  Over  Time.  Over  tlie  25  years 
between  19(15  and  1990,  course  enrollments  in  hi^h 
school  science  and  mathematics  increased  significantly 
followinK  an  initial  decline.  These  trends  reflected  two 
distinct  periods  in  American  education.  From  the  late 
19()()s  until  the  late  1970s,  the  hifjh  school  curriculum 
was  underjjoinK  incn^asin^'  liberalization,  resulting  in  a 
system  in  which  students  K^ined  greater  choice  about 
what  they  studied.  SubsequenUy,  for  several  years  after 
the  late  1970s,  hi^h  schools  continued  to  offer  a  wide 
variety  of  courses,  but  students  bejjan  to  concentrate 
dieir  cours(*takinK  in  more  traditional  academic  courses. 
More  substantial  jjrowth  in  academic  coursetakin^ 
occurred  aftei'  the  early  1980s,  when  the  states  and  local 
education  ajjencies  increased  their  graduation  require- 
ments to  encourage  achievement  of  academic  excellence 
(Tumaet  al.  1989). 

As  a  result  of  these  ♦rends,  the  number  of  credits 
earned  in  science*  and  mathematics  was  higher  in  1987 
than  in  19()9.  (See  text  table  1-:^.)  The  courses  contribut- 
iuK  niost  heavily  to  this  increase  were  generally  more 
advanced  and  core  coursc^s.'^  For  t»xample,  in  science,  biol- 
oKy  and  chemistiy  had  the  most  significant  increases  in 
credits  earned.  By  1987,  nine-tenths  of  all  hiffh  school 
graduates  had  taken  a  coui-se  in  biology*  and  just  under 
half  (45  percent)  had  tak(»n  chiMiiistry.  Physics  enrollment 
also  increased,  albeit  not  so  dramatically:  by  1987,  one  in 
fiv(»  students  t(/()k  physics.  (See  figure  1-11.)  hi  mathemat- 
ics, the  courses  showing  the  greati^st  incn^ases  in  credits 
earned  between  1982  and  1987  were  geometiy  and  alge- 
bra 2.  (Stv  figure  M2.) 


'  llirsi'  (lata  were  drawn  Iron)  a  national  saniph*  of  transcri|)ls  iVoin 
Um  studies  ol  h\^h  school  studtMits:  tlu'  Kduoational  'IVstinj^  St'rviO(*'s 
Study  ol  Academic  Prediction  and  (irowth  (UH)!)).  the  National 
h)n>jiludinal  Smitcv  of  bibor  Force  Kxperience — Youth  Cohort  {\[)7> 
7^<  and  H)71W).  IHuh  School  and  Beyond  (19H2),  and  the  NAKP  tran- 
scrij)!  study  (11)H7). 


Text  table  1-3. 

Average  number  of  c;our8e  credits  earned  by  high 
school  graduates  in  science  and  mathematics 

Science  credits      Math  credits 

1969   2.23  2.47 

1975-78    2.26  2.35 

1979-81    2.18  2.44 

1982   2.17  2.55 

1987   2.51  3.02 

SOURCE:  J.  Tuma.  A.  Gifford.  D.  Harde.  E.G.  Hoachlander.  and 
L.  Horn.  Course  Enrollment  Patterns  in  Public  SfH:ondary  Schools, 
1969  to  7957  (Berkeley.  CA:  MPR  Associates.  Inc.»  1989). 
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Figure  1-11. 

High  school  1982  and  1987  graduates  who  earned 
science  course  credit 


Percentage  of  graduates  earning  credit 


Biology 


Chemistry 


Physics 


SOURCE:  Weslat.  Inc..  Tabulations:  Nation  At  Risk  Update  Study  as 
Part  of  the  1987  High  School  Transcript  Study  (Rockville.  MD:  1 988). 
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In  tli(*  1990  science  assessment,  jjeneral  sci- 

ence and  biology  were  the  only  courses  reported  by  a 
majority  of  IT-year-olds  as  liavinK  been  studic^d  for  at 
least  1  year,  (See  appendix  table  M3.)  Only  1  in  10  of 
the  students  reported  taking  physics  for  a  year  or  more. 


Figure  1-12. 

High  school  1982  and  1987  graduates  who  earned 
mathematics  course  credit 


Percentage  of  graduates  earning  credit 
100 


Algebra  1  Qeometry  Algebra  2  Trigonometry  Calculus 
(1  credit)    (1  credit)   (0.5  credit)    (0.5  credit)  (1  credit) 

SOURCE:  >Nes\al  Inc.,  Tabulations:  Nation  At  Risk  Update  Study  as 
Part  of  the  1987  High  School  Transcript  Study  {Bock^iWe,  MD:  1988). 
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Compared  with  1982,  significantly  hi^duM*  iXM'ceiUaKes  of 
students  reported  having  studied  physical  science,  earth 
and  space  sciences,  biolojjy,  and  chemistry,  with  the 
largest  increases  occurring  in  chemistpy  and  biology. 
The  .-.itional  trends  were  similar  for  both  males  and 
females  and  for  white,  black,  and  Hispanic  students. 

hi  mathematics,  the  NAKP  assessment  showed  that 
higher  percentages  of  17-year-old  students  took  upper- 
level  courses  sud:  as  algebra  2  in  1990  than  in  1978. 
(See  appendix  table  1-14.)  Thus,  in  1990,  more  students 
completed  the  sequence  of  algebra  1,  geometry,  and 
algebra  2  than  in  1978.  Only  relatively  small  numbers  of 
17-year-old  students— percent  in  1978,  8  percent  in 
1990 — reported  having  taken  precalculus  or  calculus. 

State-Level  Enrollment.  A  study  conducted  in  the 
1989/90  school  year  by  the  Council  of  Chief  State  School 
Officers  (CCSSO)  indicated  that  secondaiy  enrollment 
in  biology  had  increased,  while  enrollment  in  chemistiy 
and  physics  had  essentially  leveled  off.  The  CCSSO 
study  also  found  substantial  diiferences  in  em'ollment  in 
secondary  science  courses  among  the  states.-'  Chem- 
istry, considered  a  gatekeeping  course  for  continuing 
studies  in  science  fields,  ranged  in  enrollments  from  26 
percent  (Idaho)  to  62  percent  (Connecticut).  (See 
appendix  table  MT).)  Kighteen  of  thirty-eight  states  had 
higher  rates  of  enrollment  in  chemistry  than  the  national 
average  (45  percent),  hi  first  year  physics,  the  state  per- 
centages varied  from  10  percent  in  Oklahoma  to  36  per- 
cent in  Connecticut. 

hi  mathematics,  the  CCSSO  data  also  showed  small 
continuing  increases  in  three  levels.  By  1989/90,  the 
estimated  percentage  of  students  taking  algebra  1  had 
increased  to  81  percent,  algebra  2  increased  to  49  per- 
cent, and  enrollment  in  calculus  classes  increased  to  9 
percent.  (See  appendix  table  1-16.)  One  of  the  important 
findings  from  the  CCSSO  study  is  the  relatively  small 
proportion  of  high  school  graduates — fewer  than  one- 
lialf— who  took  algebra  2.  The  state  percentages  of  high 
school  graduates  who  took  algebra  2  varied  from  29  per- 
cent in  Wyoming  to  (if)  percent  in  Montana. 

Enrollment  by  Females.  DiffenMices  by  gender  in 
enrollments  in  both  science  and  mathematics  deci'eased 
over  time.  (See  appendix  tables  M7  and  1-18.)  hi  mathe- 
matics, males  earned  an  average  of  0,5  ci'edits  more  than 
females  in  1969,  but  by  1987  this  difference  had  nar- 
rowed to  0.09  credits.  Only  slight  differences  separate 
males  and  females  in  the  number  of  science  credits 
earned.  However,  coursetaking  patterns  differ  by  gen- 
der. For  example,  in  1987,  females  tended  to  earn  more 
credits  in  biology,  and  males  tended  to  earn  more  credits 
in  physics. 

Enrollment  by  Minorities.  Asian  students  earned 
consistently  more  science  and  mathematics  credits  than 
any  other  racial/ethnic  group,  especially  in  chemistry 
and  physics.  (See  figures  M3  and  1-14.)  Whites  also 


Figure  1-13. 

High  school  1987  graduates  yvho  earned  science 
course  credit,  by  race/ethnicity 


Percentage  of  graduates  earning  credit 


Biology 


Chemistry 


SOURCE:  J.  Tuma,  A.  Gilford,  D.  Harde,  E.G.  Hoachlander.  and 
L.  Horn,  Course  EnroHmant  Patterns  in  Public  Secondary  Schools, 
1969  to  ^dd/ (Berkeley,  CA:  MPR  Associates,  Inc..  1989). 
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tenfled  to  earn  more  scieiiee  credits  than  black  or 
Hispanic  students.  Racial/ethnic  differences  were  not  so 
pronounced  in  biolofjy.  (See  appendix  table  M7.) 

hi  mathematics,  the  tnore  advanced  the  course,  the 
more  pronounced  the  difference  in  the  number  of  credits 
earned  by  Asian  students  compared  with  other 
racial/ethnic  Ki'oups.  Hetween  1982  and  1987,  the  largest 
increases  in  the  number  of  mathematics  credits  earned 
by  Asians  were  in  calculus  and  algebra.  White  students 
showed  larfje  increases  in  Kwmetry;  blacks,  in  fjeometry 
and  alfjebra;  and  Hispanic  students  showed  large 


Figure  1-14. 

High  school  1987  graduates  who  earned 
mathematics  course  credit,  by  race/ethnicity 


Percentage  of  graduates  earning  credit 

lOOr 


Geometry  Algebra  2  Trigonometry  Calculus 
(1  credit)    (0.5  credit)    (0.5  credit)     (1  credit) 

SOURCE:  J.  Tuma,  A.  Gifford,  D.  Harde,  E.G.  Hoachlander.  and 
L.  Horn,  Course  Enrollment  Patterns  in  Public  Secondary  Schools, 
1969  to  1987  (QerkQley,  CA:  MPR  Associates.  Inc.,  1989). 
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increases  in  the  number  of  basic  mathematics,  algebra, 
and  ueometiy  course  credits  earned.  (See  appendix  table 
M8.) 

School  and  Curriculum 

This  section  examines  factors  that  shape  how  students 
are  taught— for  example,  how  often  they  study  a  subject, 
how  long  they  spend  during  these  sessions,  what  activi- 
ties predominate  during  the  classes,  and  what  "track" 
they  are  in.  Beginning  in  grade  8,  U.S.  students  are  usu- 
ally tracked  into  one  of  four  kinds  of  mathematics 
classes  (remedial,  general,  enriched,  advanced),  and  stu- 
dents* achievement  typically  depends  directly  on  the  top- 
ics covered  in  these  classes  (Hafner  and  Horn  in  press, 
p.  48).  In  particular,  this  section  emphasizes  how  track- 
ing and  related  factors  aifect  opportunities  and  access  for 
groups  uiiderrepresented  in  science  and  mathematics. 

Classroom  Activities 

As  part  of  the  1990  NAl^P  assessments,  9-year-old  stu- 
dents were  asked  about  their  participation  in  several  sci- 
ence activities  in  the  classroom.  These  inquiries  reflect- 
ed research  indicating  that  students  learn  science  more 
effectively  when  they  use  scientific  instruments  and 
materials.  According  to  the  research,  students  are  likely 
to  begin  to  understand  the  natural  world  if  they  work 
directly  with  natural  phenomena,  using  their  senses  to 
obsei-ve  and  using  instruments  to  extend  the  power  of 
their  senses.  The  NAEP  assessments  also  asked  17-year- 
old  students  about  their  classroom  experience  in  mathe- 
matics. These  questions  reflected  efforts  to  focus  on 
mathematical  problem-solving  and  logical/ reasoning 
skills,  learning  to  communicate  mathematically,  and 
making  connections  between  the  mathematics  students 
study  and  its  applications  in  other  disciplines  and  acdvi- 
ties  (Mullis  et  al.  1991b). 

The  1990  assessment  showed  a  larger  percentage  of  9- 
year-olds  using  several  types  of  scientific  instruments 
(microscopes,  calculators,  and  thermometers)  than  in 
1977.  However,  the  percentage  who  had  done  experi- 
ments with  living  plants  decreased  significantly,  and  the 
percentage  of  students  who  had  used  a  scale  or  f'one 
experiments  with  batteries  did  not  change  significantly. 

hi  mathematics,  an  attempt  was  made  to  find  out  the 
proportion  of  17-year-olds  who  were  engaged  in  active 
mathematics  learning  (for  example,  participating  in  dis- 
cussions and  making  reports  or  completing  projects), 
rather  than  passive  activities  (such  as  listening  to  the 
teacher  and  watching  him  or  her  do  problems  on  the 
board).  The  results,  termed  "disappointing*'  by  the  NAEP 
researchers,  showed  that  activities  generally  considered 
more  student-centered  remained  far  less  prevalent  dum 
listening  to  teacher  explanations,  watching  the  teacher 
work  problems,  or  taking  tests.  (See  appendix  table  M9.) 
For  example,  most  students  reported  that  they  "often'*  lis- 
tened to  a  teacher  explain  a  mathematics  lesson,  watched 
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a  teacher  work  mathematics  problems  on  die  board,  and 
took  mathematics  tests,  while  only  a  small  fraction  of 
them  I'eported  that  they  often  made  rei)orts  or  did  proj- 
ects in  madiematics  (Mullis  et  al.  1991b). 

llie  NAliP  results  agi'eed  with  earlier  surveys.  When 
eleiiientary  and  middle  school  teachers  were  asked  in  a 
1985-86  survey  to  indicate  what  took  place  during  their 
most  recent  science  and  mathematics  classes,  responses 
indicated  that  most  of  the  lessons  included  lecture  and 
discussion  (Weiss  1987).  Use  of  hands-on  activities  was 
far  less  frequent  and  became  less  so  the  higher  the 
grade  level.  Particularly  in  science,  use  of  hands-on  activ- 
ities was  much  more  common  in  elementary  science 
than  in  middle  school  classrooms. 

In  the  National  Education  h)ngitudinal  Study  of  1988 
(NELS:88),^"  59  percent  of  the  eighth  grade  students 
were  in  science  classes  where  their  teachers  said  that 
experiments  were  conducted  at  least  once  a  week;  41 
percent  attended  classes  where  teachers  said  that  exper- 
iments were  seldom  conducted.  (See  appendix  table 
1-20.) 

Other  studies  have  examined  how  long  classroom 
lessons  tend  to  last  and  how  much  time  teachers  spend 
in  total  on  a  subject  during  a  week.  In  the  1985-86 
National  Survey  of  Science  and  Mathematics  Education, 
elementary  teachers  were  asked  to  indicate  the  approxi- 
mate number  of  minutes  typically  spent  teaching  sci- 
ei/re,  mathematics,  social  studies,  and  reading.  Only 
one-half  of  all  third  graders  had  science  lessons  on  a  fre- 
quent basis,  and  for  those  who  did,  teachers  reported 
devoting  an  average  of  only  18  minutes  a  day  to  science 
instruction.  These  teachers  spent  twice  as  much  time  on 
mathematics  instniction  and  four  times  as  much  on  read- 
ing instruction.  In  grades  4-6,  an  average  of  29  minutes 
per  day  was  spent  on  science  lessons,  compared  with  52 
minutes  on  mathematics  and  63  minutes  on  reading. 

In  the  1987/88  Schools  and  Staffing  Survey  (SASS), 
elementary  teachers  were  asked  how  much  time  they 
spent  per  week  teaching  four  core  subjects — science, 
mathematics,  social  studies/history,  and  English/lan- 
guage arts.  State-by-state  data  showed  that  the  class  time 
spent  on  science  in  grades  1-3  varied  from  1.3  hours  per 
week  in  Rhode  Island  to  3.5  hours  in  Texas  and,  in 
grades  4-6,  from  2.2  hours  per  week  in  Utah  to  4.1  hours 
in  New  Hampshire.  (See  appendix  table  1-2L) 

The  time  spent  on  mathematics/arithv  lie  in  grades 
1-3  varied  from  4.2  hours  per  week  in  Onio  to  6.0  hours 


'"NKLS:88  is  a  loii^^iliidinal  survey  sponsored  by  the  U.S.  Dt^parl- 
iiRMit  of  Kducatioirs  National  Center  for  Kducation  Statistics.  It  sur- 
veyed 24,599  students  in  K^ade  «  and  their  parents,  teachers,  and 
school  achninistrators.  The  student  sample  v^'as  selected  from  KO^f) 
publir  and  private  schools  representinj?  each  of  the  50  states  and  the 
Distri'  »t  Columbia.  The  students  were  administered  tests  of  their 
knowledKt*  of  eighth  ^rade  science  and  mathematics  and  other  sub- 
jects, llic  sampled  subjects  are  behi^^  followed  every  2  years  throuRh 
college  and  beyond  to  learn  about  their  progress  in  school,  their  aspi- 
rations, their  employment,  and  factors  that  affect  their  ability  to  com- 
plete their  education. 
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Science  and  Mathematics  Curriculum  Related  to 
Student  Learning  and  College  Attendance 


Several  recent  studies  suggest  that  enrollment  in 
certain  courses  has  implications  well  beyond  simple 
exposure  to  a  certain  body  of  knowledge.  One  of  these 
studies,  the  LSAY.  found  a  strong  positive  relationship 
between  12th  grade  students'  ability  to  engage  in 
abstract  problem-solving  and  coursetaking  in  advanced 
mathematics  (Miller  et  al.  1990).  Specifically,  the  LSAY 
found  that  students  who  were  enrolled  in  calculus  cours- 
es had  a  much  greater  ability  to  solve  abstract  problems 
than  those  who  were  enrolled  in  "low  math"  courses. 
The  same  study  found  a  similar  result,  although  less  pro- 
nounced, for  science  proficiency  and  student  course- 
taking:  students  who  took  physics  were  much  better  at 
understanding  scientific  systems  or  interacting  process- 
es than  students  who  took  "low  science"  courses. 

Another  longitudinal  study  of  eighth  grade  students. 
NELS:88.  found  that  students  who  were  in  an  algebra  or 
other  advanced  mathematics  class  were  almost  five 
times  as  likely  as  students  in  a  regular  mathematics  class 
(in  which  fractions  were  taught  as  a  major  topic)  to  be 
proficient  at  higher  level  mathematics  problem-solving. 
The  same  study  found  that  students  who  were  in  science 
classes  where  experiments  were  conducted  at  least  once 
a  week  had  the  highest  scores  on  science  achievement 
tests,  while  students  who  were  in  classes  that  only  con- 
ducted experiments  once  a  month  or  less  had  the  lowest 
scores  (Hafnerand  Horn  in  press). 

Analyzing  data  fi-om  the  High  School  and  Beyond  sur- 
vey, a  third  study  found  that  the  best  determinant  of 
future  college  attendance  was  enrollment  in  high  school 
geometry.  Overall,  a  much  lower  proportion  of  minori- 
ties than  whites  attt^nded  college  within  4  years  of  high 
school  graduation.  Among  students  who  took  geometry, 
however,  this  difference  disappeared:  80  percent  of  black 
students  in  this  group  attended  college,  along  with  82 
percent  of  Hispanic  students  and  83  percent  of  whites. 
Even  for  students  at  the  poverty  level,  taking  geometry 
halved  the  gap  in  college  attendance. 


Fewer  than  one-third  of  students  with  no  algebra  or 
geometry  in  high  school  attended  a  college  within  4 
years  of  graduation,  and  only  about  15  percent  attended 
a  4-year  college.  (See  text  table  1-4.)  By  contrast,  among 
students  who  took  both  algebra  and  geometry  (about 
one-third  of  the  high  school  population),  more  than  four- 
fifths  attended  college— including  community  and  junior 
college— and  two-thirds  attended  a  4-year  college  within 
4  years  of  graduation.  Other  high  school  courses  associ- 
ated with  college  attendance  (but  less  so  than  geoinetiy) 
were  1  year  of  laboratory  science  and  2  years  of  foreign 
language  (Pelavin  and  Kane  1990). 

The  above  information  notwithstanding,  analyses  of 
student  coursetaking  cannot  establish  causal  relation- 
ships for  either  stu^^  mi  learning  or  college  attendance.  It 
cannot  be  determined,  for  example,  whether  students 
with  higher  proficiency  are  more  likely  than  others  to 
seek  out  rigorous  courses  or  whether  the  courses  them- 
selves strengthen  proficiency. 


Text  table  1-4. 

High  school  1982  graduates  who  attended  college 
within  4  years  of  graduation,  by  mathematics 
courses  taken 

Within  4  years 
attended . . . 

A  4-year 

Mathematics  courses  taken        Total   Any  college  college 

—  Percent  —  

All  graduates   100.0       55.4  36.9 

No  advanced  mathematics  . . .     40.0       30.6  14.8 

Algebra  only   24.9       57.2  32,1 

Algebra  and  geometry   34.9       82.6  65.6 

SOURCE:  S.  Pelavin  and  M.  Kane.  Changing  the  Odds:  Factors  Increasing 
Access  to  College  (New  York:  College  Entrance  Examination  Board.  1990). 

Science  &  Engineering  Indicators  -  1991 


in  the  District  of  Columbia  and.  in  Knich^s  4-(),  from  li.H 
hours  in  Montana  to  (U)  hours  in  Mississippi. 

Tracking  has  a  fundanuMital  inipaci  on  what  stud(Mits 
study  and  thus  what  skills  they  an  opportunily  to 
niaslc»r,  particularly  in  mathematics.  The  NKLS:HH  study 
found  that  approximately  29  percent  of  public  school 
eighth  fjraders  n^ported  attending  an  algebra  or  other 
advanced  mathematics  class,  17  perctMit  atteMided  avw- 
t»ral  mathematics  alon^  with  an  algebra  or  accelerated 
program,  47  ptMrcMit  attendtul  only  mathtMuatics 
class,  and  7  percent  attended  some  sort  of  remedial 


class.  Almost  all  of  the  eijiluh  ^I'aders  reported  receiving 
science  instruction. 

Barriers  to  Minority  and  Impoverished 
Students 

Tracking  Ijro^rams — w4u*th(M*  advanccHl  or  remculial — 
have  a  profound  (Effect  on  the  type  of  classroom  instruc- 
tion individuals  r(»c(Mvt\  Those  studcMits  who  have*  shown 
an  aptitude  for  mathematics  are  often  fjiven  instruction 
in  alfjebra  and  otluM'  more  advanced  subjt^ts  in  amlv  H. 
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Those  who  have  not  perfoi'inc^d  as  well  frequently  have 
no  access  to  mathematics  classes  that  stress  higher 
order  thinkinK;  instead,  they  are  relegated  to  classes 
where  learning  computations  involving  fractions  pre- 
dominates. Evidence  from  the  NK1^:8«  survey  suKKcsts 
that  unequal  opportunities  to  learn  mathematics  exist  at 
the  eighth  grade  level  (Hafner  and  Horn  in  press). 

The  NEI.S:88  survey  also  found  that  blacks,  Hispanics, 
Native  Americans,  and  low  socioeconomic  status  (SES) 
eighth  grade  students  were  all  twice  as  likely  as  white 
students  to  be  in  remedial  mathematics  classes.  Slightly 
fewer  than  half  of  low  SES  students  were  in  mathematics 
classes  where  algebra  was  taught  as  a  major  topic  com- 
pared with  Tf)  peivent  of  high  SES  students;  79  percent 
of  low  SES  students  and  52  percent  of  high  SES  studcMits 
w(»re  in  classes  that  emphasized  the  teaching  of  fractions 
as  a  major  topic.  Asian  and  white  students  were  far  more 
likely  than  blacks,  Hispanics,  or  Native  Americans  to  be 
in  classes  where  algebra  was  a  major  topic.  (vSee  appen- 
dix table  1-22.) 

hi  science,  only  about  49  percent  of  low  SES  students 
were  in  classes  where  experiments  were  conducted  at 
least  once  a  week,  compared  with  72  percent  of  high  SES 
students.  Asian  and  white  students  were  more  likely 
than  black,  Hispanic,  or  Native  American  students  to  be 
in  science  classes  that  conducted  experiments  once  a 
week  or  more.  (See  appendix  table  l-2{).) 

Another  recent  study  (Oakes  199()a)  showed  that  high 
percentages  of  minorities  faced  several  barriers  to  sci- 
ence and  mathematics  opportunities  in  secondary 
schools.  First,  their  access  to  high-track  science  and 
mathematics  classes  diminished  as  the  minority  enroll- 
ment at  their  school  increased.  Second,  minority  stu- 
dents who  attended  racially  mixed  schools  were  more 
likely  than  their  white  peers  to  be  placed  in  low-track 
classes.  Third,  minorities  tended  to  have  less  access  to 
'^gatekeeping"  courses  at  their  schools,  that  is,  courses 
that  are  especially  impoi'tant  in  qualifying  students  for 
college-level  work  in  science  and  mathematics.'' 

Minority  Enrollment  The  first  of  these  baiTi(»rs  is 
demonstrated  in  figure  1-15,  which  shows  the  number  of 
class  sections  in  science  and  mathematics  classified  by 
the  content  and  level  of  the  class  (general  college  prei> 
aratory,  or  advanced  college  preparatory),  (ienerally, 
as  the  proportion  of  minority  students  at  a  school  in- 
creased, the  n^lative  proportion  of  college  preparatory  oi' 
advanced  cotirse  sections  decreased. 

Low-Track  Classes.  To  determine  the  likelihood  of 
minonti(  s  being  placed  in  low-track  classes,  a  recent 
study  (Oakes  199t)a)  examined  the  proportion  of  sec- 
ondary school  science  and  mathematics  classes  at  three 


Figure  1-15. 

Sections  of  science  and  mathematics  classes  in 
high  schools,  by  school  racial  composition:  1986 

■ Advanced  college  mm  College  preparatory  ri  General 
preparatory  class  ■  data  ^^^^^ 


'  class 


Sections  per  100  students 
4 


''Analyses  dlrd  \\v\v  arc  based  on  special  labiilalions  of  dala  from 
ihe  Nalional  Survey  of  Seienee  and  Mathematics  Kducalion.  For 
d(»taik»d  inlornialion  on  this  survey,  see  \Vt»iss  (l*)S7). 
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SOURCE:  J.  Oakes.  Multiplying  Inequalities:  The  Effects  of  Race. 
Social  Class,  and  Tracking  on  Opportunities  to  Learn  Mathematics 
and  Science  (Santa  Monica.  CA:  The  RAND  Corporation.  1990). 
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ability  lm*ls  (as  reporttul  by  classroom  teachers)  and  by 
the  racial  composition  of  the  classes.  The  proportion  of 
hiKh-ability  classes  increased  significantly  as  the  propor- 
tion of  white  students  increased.  Two-thirds  of  all  classes 
whose  minority  enrollments  were  disproportionately 
hifih  compared  to  ihv  schools  as  a  whole  were  judged  by 
the  teacher  to  be  "low  ability/'  while  more  than  half  of 
the  classes  with  relatively  hifjh  white  enrollment  wen* 
considered  to  be  "hifjli  ability.**  F(»wer  than  1  in  10  of  the 
classes  with  relatively  hifjh  minority  enrollment  v/vrv 
classified  as  hifjh  ability  by  teachers  of  these  classes. 
Thus,  das^^es  having  disproportionately  lar^e  numbers 
of  minority  studcMits  were  seven  times  more  likely  than 
low-minority  classes  to  be  identified  as  low  ability  rather 
than  hiKh  ability  (Oakes  199{)a.  pp.  23-25). 

Gatekeeping  Courses.  KiKhth  fjrade  alfjebi-a,  ninth 
fjrade  Kt»ometr\\  and  hifjh  school  calculus  courses  are 
considered  "fjatekeepers**  because  of  their  importance  in 
the  science  and  mathematics  curriculum.  Kifjure  M(i 
shows  the  number  of  sections  of  these  accelerated  math- 
ematics C()urs(*s  relative  to  the  size  of  th(*  student  body  of 
schools  with  hi^h  or  low  minority  enrollment,  hi  middle 
school.  stud(»nts  attending  predominantly  white  schools 
had  far  greatei  opportunities  to  take  th(»se  f^atekeepin}.r 
courses.  Amonj^  hi^h  schools  that  ()ff(»red  at  least  one 
section  of  calculus,  racially  mix(^d  schools  (10-  to  90-per- 
cent white  enrollment)  had  relatively  comparable 


ERIC 


30 


Chapter  1 .  Precollege  Science  and  Mathematics  Education 


Figure  1-16. 

Number  of  accelerated  mathematics  class 
sections  offered,  by  school  racial  composition: 
1986 


Sections  per  100  students 
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SOURCE:  J.  Oakes.  Multiplying  Inequalities:  The  Effects  of  Race, 
Social  Class,  and  Tracking  on  Opportunities  to  Learn  Mathematics 
and  Science  (Santa  Monica.  OA:  The  RAND  Corporation,  1990). 

Science  &  Engineering  Indicators  -  1991 

numbers  of  sections  of  calculus  per  100  students,  but 
hiKb-niinority  schools  had  far  fewer  sections  than  pre- 
dominantly white  schools.'" 

Oakes  (p.  45)  summarizes  the  study's  major  findinK^ 
as  follows: 

To  the  exlenl  thai  ihey  are  enrolled  in  secondaty  schools 
where  ihey  are  the  niajorily,  low-income  students,  African- 
Americans  and  Hispanics  have  less  extensive  and  less 
demandin^^  science  and  mathematics  pro^^rams  available 
to  them,  and  they  have  consick.ably  fewer  opportunities  to 
take  the  critical  ^^atekeepin^'  courses  that  prei)are  them  to 
|)ursue  science  and  mathematics  study  after  high  school. 

Teachers  and  Teaching 

The  quality  of  science  and  mathematics  instruction 
that  students  receive  is  lar^tMy  determined  by  the  qualifi- 
cations of  their  science  and  mathematics  teachers 
(Shavelson.  McDonnell,  and  Oakes  1989,  p.  Al- 
though there  is  no  consensus  on  what  teacher  qualifica- 
tions are  most  important  for  effective  teachiiiK — or  even 
on  what  constitutes  fjood  teaching— it  is  widely  assumed 
that  teacher  competence  is  related  to  subject  matter 
knowledge. 

Past  research  on  teacher  quality  indicators  has  been 
hindered  by  a  general  lack  of  nationally  representative 


■  ll  should  also  be  noted  that  this  analysis  included  only  hiKh 
schools  olferin>{  calculus,  and  that  only  about  30  percent  of  predomi- 
nantly minority  schools  did  so.  compared  with  80  percent  of  predomi- 
nantly  white  schools  (Oakes  lUUOa), 
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rlata  bases.  However,  two  recent  large  surveys  of  teach- 
ers and  teaching  conducted  by  the  U.S.  Department  of 
Kducation— 'he  Schools  and  Staffing  Survey^*  and 
.\'KLS:88'' — permit  examination  of  various  indicat  )rs  of 
the  backgi^)unds  and  qualifications  of  science  and  math- 
ematics teachers.  More  specifically,  NELS:88  provided 
an  indicator  of  teachers'  educational  background  by  col- 
lecting data  on  their  coursetaking  patterns,  SASS  report- 
ed on  the  match-up  between  (1)  teachers'  ecUicational 
background  and  (2)  their  teaching  assigmnents— a  criti- 
cal match-up  from  an  instructional  quality  viewpoint. 

This  section  focuses  on  these  two  broad  topics — aca- 
demic preparation  and  teaching  assignnientvS — to  ex- 
amine the  issue  of  teacher  quality  in  middle  and  high 
school  science  and  mathematics  classes.  It  also  exam- 
ines students'  access  to  qualified  teachers  and,  more 
broadly,  the  issue  of  teacher  supply  and  demand. 

Teacher  Training 

NKI>S:88  found  a  positive  relationship  between  teacher 
training  in  maUiematics  and  student  achievement  in  diat 
subject.  Mathematics  proficiency  among  the  eighth  grade 
students  in  the  survey  was  set  at  three  proficiency  levels: 

•  Basic — able  to  perform  simple  arithmetic  opera- 
tions on  whole  numbers; 

•  Intermediate — able  to  perform  simpk*  arithmetic 
operations  w^ith  decimals,  fractions,  and  roots;  and 

•  Advanced — able  to  perform  problem-solving,  demon- 
strate required  conceptual  understanding,  and/or 
develop  a  solution  strategy. 

Kighth  grade  students  \^hose  teachers  had  taken  an 
advanced  course  in  mathematics  (defined  as  higher  than 
college  calculus)  were  more  likely  to  be  at  the  highest 
proficiency  level  than  those  students  whose  teachers 
had  taken  courses  only  at  the  calculus  level  or  below. 
However,  the  relationship  of  student  achievement  to 
teacher  coursetaking  in  mathematics  education  w^as 
niixtd  and  therefore  unceilain. 

Preparation:  Middle  School  Teachers 

SASS  data  suggest  that  large  numbers  of  middle 
school  teachers  of  science  and  mathematics  could  be 
classified  as  misassigned — that  is.  they  may  not  be 
teaching  courses  appropriate  for  their  training.  Such 
misassignment  can  occur  for  any  of  several  reasons.  A 
school  may.  for  instance,  be  too  small  to  have  a  full-time 
chemistry  or  physics  teacher  and  may  assign  classes  in 


'  SASS  provides  a  snapshot  of  public  and  private  elementaiy  and 
secondary  schools,  principals,  and  other  staff  during'  the  U)87/H8 
school  year. 

■  'A  sample  of  the  science  and  mathematics  teachers  of  the  NKLS:H8 
students  was  included  as  pari  of  the  Nl*  LS:H8  sur\*ey.  and  the  collf^'e 
iranscri[)ts  of  these  teachers  wen^  obtained  to  determiiu*  tlu'ir  course- 
taking  patterns.  See  footnote  10  for  UKjre  information  on  NKLS:88. 
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tlu»sc»  topics  to  its  bioloffy  toaduT  {(Jillord  and  Teiu»n- 
bauiii  1990,  p.  123)/nie  misassiKinntMit,  althoufili  undor- 
standabk*  and  frequently  unavoidable,  can  affect  the 
quality  of  instruction  provided. 

"Sesf  Qualified''  Subjects.  According  to  SASS  data, 
fewer  than  half  of  all  middle  school  teachers  of  biolo^jical 
sciences  and  only  about  one-fifth  of  teachers  of  physical 
sciences  felt  they  were  teachinj^  the  subject  for  which 
they  were  best  qualified.  Mathematics  teachers  were 
more  sure  of  the  appropriateness  of  their  assignments. 
Two-thirds  of  teachers  of  middle  school  mathematics  felt 
that  they  were  teaching  the  subject  they  were  best  quali- 
fied to  teach.  (See  figure  1-17.) 

College  Coursework.  Betw(»en  5  and  7  percent  of 
all  teachers  of  middle  school  science  and  mathematics 
had  not  taken  any  courses  in  the  subject  to  '"hich  they 
were  assigned.  From  37  to  42  percent  had  taken  1  to  6 
college  courses,  27  to  35  percent  had  taken  7  to  12, 
and  22  to  26  percent  had  taken  13  or  more  college 
courses  in  the  subject  to  which  they  wer^^  assigned. 
(See  figure  M8.) 

College  Majors  and  Minors,  hi  the  sciences,  40  per- 
cent of  teachers  of  middle  school  biological  sciences  had 
majored  or  minored  in  tl  at  subject  in  college;  another  17 
percent  had  majored  or  minored  in  science  education. 
Among  physical  science  teachers  (chemistry  and  physics), 
32  percent  had  majored  or  minored  in  that  subject  in  col- 
lege, and  16  percent  had  majored  or  minored  in  science 


Figure  1-18. 

Public  school  teachers  who  have  taken  13  or 
more  courses  In  their  subject  field:  1988 
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SOURCE:  National  Center  for  Education  Statistics.  1967/66  Schools 
and  Staffino  Survey,  special  tabulations  by  the  RAND  Corporation 
for  the  National  Science  Foundation. 
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education.  Only  28  pereent  of  middle  sehool  teaehers  of 
mathematics  had  majored  or  minored  in  that  subje  t  in  col- 
lege; an  equal  proportion  had  majored  or  minored  in  math- 
ematics education. 


Figure  1-17. 

Qualifications  of  middle  school  teachers  of 
science  and  mathematics:  1988 
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SOURCE:  National  C;enter  for  Education  Statistics.  1987/68  Schools 
and  Staffing  Survey,  special  tabulations  by  the  RAND  Corporation 
for  the  National  Science  Foundation. 
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Preparation:  High  School  Teachers 

"Best  Qualified"  Subjects.  Although  teachers  of 
high  school  science  and  mathematics  appeared  to  have 
bc^tter  qualifications  to  teach  their  assigned  subjects  than 
did  their  middle  school  counterparts,  more  than  half  of 
all  teachers  of  physical  sciences  felt  they  were  not 
assigned  to  the  subject  they  were  best  qualified  to  teach. 
About  one-quarter  each  of  all  teachers  of  biological  sci- 
ences and  mathematics  expressed  the  same  feeling.  (See 
figure  M9.) 

College  Coursework.  Four  percent  of  t(»achers  of 
science  and  mathematics  had  not  taken  any  college 
courses  in  the  subjects  to  which  they  were  currently 
assigned.  Nearly  half  of  the  teachers  of  high  school 
mathematics  had  taken  from  7  to  12  classes  in  college 
mathematics.  More  than  40  percent  of  physical  science 
teachers  had  taken  13  or  more  college  courses  in  the 
physical  sciences;  about  30  percent  t»ach  of  teachers  of 
biological  sciences  and  mathematics  had  taken  a  similar 
number  of  college  courses.  (See  figure  M8.) 

College  Majors  and  Minors.  Most  high  school  scicMice 
and  math(Mnatics  tc*acluTs  had  pursu(»d  a  college  major  or 
minor  in  the*  subject  they  taught.  In  niathematics,  how- 
evcT,  the  proportion  of  teachers  majoring/minoring  in 
mathematics  education  was  larger  than  the  coiresponding 
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Figure  1-19. 

Qualifications  of  high  school  teachers  of  science  and 
mathematics:  1988 

Percentage  of  teachers 
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tlu^se  teacliLM^s  wtM\*  less  likely  to  feel  well-qualified  to 
teach  these  sul)j(*cts. 

'llie  qualifications  of  teachers  of  various  track  levels  at 
low  SKS,  hiKh-ininority,  inner-city  schools  differed  suh- 
statitially  from  those  of  teachers  at  high-wealth,  predoini- 
iiaiitly  white,  suburban  schools.  {See  text  table  1-5,)  For 
example,  only  39  percent  of  the  teachers  who  taught  low- 
ability  classes  in  low  SKS,  minority,  inner-city  schools 
were  certified  to  teach  science  and  mathematics  at  the 
secondary  level,  compared  with  84  percent  of  the  teachers 
at  high-wealth,  iM'cnlominantly  white,  suburban  schools. 
One  of  the  most  notable  differences  was  that  low-track 
students  in  the  most  advantaged  schools  (high  SKS, 
wliite,  suburban)  were  likely  to  have  better  qualified 
teachers  of  science  and  mathematics  than  high-track  stu- 
dents in  the  least  advantaged  schools  {low  SKS,  high 
minority,  inner  city)  {Oakes  199()a). 

Kighty-four  percent  of  public  school  students  in  the 
NK1JS:88  study  had  science  teachers  who  felt  well  to 
very  well-prepared  to  teach  science. Hut  low  SKS  stu- 
dents in  middle  schools  were  twice  as  likely  as  high  SKS 
students  to  have  science  teachers  who  felt  only  ade- 
quately prepared  to  teach  science*  (16  versus  8  peivent). 
Students  in  high-poverty  schools  (Uiose  in  which  more 


SOURCE:  National  Center  for  Education  Statistics.  1987/88  Schools  and 
Staffing  Survey,  special  tabulations  by  the  RAND  Corporation  for  the 
National  Science  Foundation. 
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/KLS:HH.  liic  tcaciicrs  were  asked  to  rcpoH  liow  wcll-prrDarcd 
liicy  fell  to  tcadi  their  classes.  'Ilieir  dioices  were  (1)  veiy  well-prepared, 
{2)  well-prepared.  CJ)  only  ade(|iiately  prepared,  or  (4)  somewliat 
pared  or  unprepared. 
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proportions  of  science  teachers  (28  percent  for  mathemat- 
ics education  compared  with  17  and  1()  percent,  respective- 
ly, for  biok)gical  sciences  education  and  physical  sciences 
education).  Also,  more  than  one-third  of  all  high  school 
teachers  of  physical  sciences  lacked  a  college  degree  in 
either  the  physical  sciences  or  in  physical  science  educa- 
tion, lliis  finding  is  consistent  widi  that  of  another  study  of 
secondary  school  teachers  of  physics  (Neuschat/  and 
Covalt  1988).  hi  the  second  study,  approximately  ont^third 
of  all  physics  teachers  were  described  as  having  their  pri- 
mary sixvialty  in  j)hysics.  Another  third  had  begun  their 
career  in  a  different  field  but  had  taught  physics  rt^gularly 
over  the  subsequent  yt^ars;  the  remaining  third  were  otily 
occasional  teachers  of  physics. 

Access  to  Qualified  Teachers 

Based  on  several  measures  of  teacher  qualifications 
(e.g..  certification  in  scitMice  and  matluMnatics  and  bach- 
elors or  masters  degrees  in  these  fields),  it  is  clear  that 
low-income  and  minority  students  have  k^ss  access  than 
other  students  to  the  best  qualified  science  and  mathe- 
matics t(^achers.  As  shown  in  figure  1-20,  secondary 
schools  with  high  proportions  of  tronomically  disadvan- 
taged and  minority  students  employ  teachers  who,  on 
the  average,  wimv  less  frequently  certificnl  to  teach  sci- 
enc(*  and  mathematics  and  wen^  less  likelv  to  hold  bach- 
elors or  masters  degrees  in  these  subjects.  Moreover, 


Figure  1-20. 

Degrees  and  certification  of  science  and 
mathematics  secondary  school  teachers, 
by  school  racial  composition:  1987 
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SOURCE:  J.  Oakes,  Multiplying  Inequalities:  The  Effects  of  Race, 
Social  Class,  and  Tracking  on  Opportunities  to  Learn  Mathen^atics 
and  Science  (Santa  Monica.  CA:  The  RAND  Corporation.  1990), 
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Text  table  1-5. 

Qualifications  of  secondary  school  teachers  in  high-  and  low-ability  classes 


Low-ahility  classes 

High-ability  classes 

LowSES. 

High  SES, 

Low  SES. 

High  SES, 

Teacher  qualifications 

minority,  urban 

white,  suburban 

minority,  urban 

white,  suburban 

 Percentage  of  teachers  

Certified  in  science/matfiematics  

  39 

82 

73 

84 

Bachelors  in  science/mathematics  

  38 

68 

46 

78 

(Masters  in  science/mathematics  

  8 

32 

10 

48 

SOURCE:  J.  O''  3S.  Multiplying  Inequalities:  The  Effects  of  Race,  Social  Class,  and  Tracking  on  Opportunities  to  Learn  Mathematics  and  Science  (Santa 
Monica.  CA:  T  j  RAND  Corporation.  1990). 
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than  50  percviU  of  students  received  live  lunches)  w(mv 
seven  tiin(*s  as  likely  as  those  in  low-poverty  schools 
(those  with  no  free  lunch  programs)  to  have  science 
teachers  who  reported  they  felt  only  adequately  pre- 
pared to  teach  science. 

Teacher  Supply  and  Demand 

Recently,  there  has  been  increasing  conccM'n  about 
shortages  of  qualified  individuals  to  teach  scienc(>  and 
mathematics  at  the  elenuMitary  and  secondary  school 
levels.  The  factors  influencing  teacher  supply  and 
demand  include 

•  Changes  in  student  (Miroliment; 

•  Changes  in  schooling  policies  and  practices,  e.^., 
iiK-'eased  Ki'^iduation  requirements;  and 

•  The  number  of  vacancies  resulting  from  the  ci'e- 
ation  of  new  positions  and  from  teacher  attrition.''' 

Changes  in  Student  Enrollment.  Because  of  the 
rising  number  of  annual  births  sinc(^  1977.  eni'ollment 
will  increase  in  elementaiy  and  secondaiy  schools  in  [hv 
199()s.  This  "echo"  of  the  baby  boom  of  th(^  19r)0s  will 
cause  increases  in  the  preprimaiy  and  5-  to  17-year-()ld 
populations  over  the  next  decade  ((rerald.  Horn,  and 
Husson  1989).  Its  effects  are  already  bein^  felt.  Sp(»ci- 
fically.  after  declining  during  the  early  198()s.  total  school 
enrollment  increased  to  45.4  million  in  1988.  Knrollment  is 
pr()ject(*d  to  continue  to  increase,  reaching  49.5  million 
by  the  year  2000.  Sc^^jndaiy  school  (Mirollnient  alone  is 
expected  to  increase  from  12. ()  million  in  1990  to  14.9 
million  by  2000. 

Changes  in  School  Policies.  Our  study  (examined 
teacher  supply  and  demand  in  relation  to  current  re- 


''vMlhouuh  allriliiJii  isolln?  lonsidrrrd  a  loinpoiuMii.  ol  (U'luaiid.  ii  is 
also  lar^rly  a  supply  lact(jr.  rrflcnlii;:  Ihi'  divisions  ol  individual  li'arh- 
ors  abuui  wlu'llu»r  to  stay  in  or  k\i\v     WiKW\n^  prolrssioii. 
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forms  at  ;he  Federal,  state,  and  local  levels  to  improve* 
the  quality  of  (^lucation  {Darling-Hammond  1984).  Thv 
researchers  concludt^l  that  these  reforms  will  soon  lead 
to  critical  shortaK^^'s  of  qualified  teachers  uidess  (1)  poli- 
cies, such  as  diose  dealing  with  certification,  that  n^strict 
the  teaching  profession  are  loosened  and  (2)  teaching! 
becomes  an  attractive  career  alternative*  for  talented  peu)- 
ple.  Otherwise,  the  researchers  emphasized,  schools  will 
be  forced  to  hire  the  less  qualified  to  fill  teaching  vacan- 
ci(»s;  these  teachers  will  then  become  die  tenured  work- 
force for  the  next  several  K^^nerations  of  schoolchildreMi. 

Attrition— Aging  and  Retirement.  Evidence  from 
state  time  series  data  showed  that  relatively  few  teachers 
had  been  hired  because  of  low  attrition  rates.''  However, 
both  hiring  and  attrition  rates  are  expected  to  incre^ase 
over  the  next  15  years  as  midcareer  teachers  become  eli- 
gible to  retin*  and  as  expected  enrollment  increases  open 
mon^  positions  and  allow  for  more  mobility  and  promotion 
{Center  for  the  Study  of  die  Teaching  Profession  1989). 

The  SASS  survey  found  that,  of  the  approximately 
250,000  secondary  science  and  mathematics  teachers  in 
the  United  States.  19  percent  of  sci(Mice  teachers  and  18 
percent  of  mathematics  teachers  were  at  least  50  years 
old.  (See  figure  1-21.)  Thus,  the  current  sci(Mice  and 
mathematics  teaching  force  faces  die  potential  of  losing 
up  to  45.000  teachers  over  this  decade  through  retin*- 
nuMit.  The  same  study  also  disclosed  a  ndatively  low 
commitment  on  the  part  of  many  teachers — espcrially 
n(»w  teachers— to  staying  in  th(^  t(^acliinK  profession.  For 
example,  only  39  percent  of  new  math(Mnatics  t(mdi(M*s 
and  46  pcMveiit  of  new  science  teachers  said  they  would 
remain  in  teaching  '*as  lon^  as  able*'  or  '\mtil  (^li^ibh*  to 
r(*tire."  And  more  than  one-third  of  the  lu^w  teachers 
were  undecided  at  the  time*  surveyed  as  to  how  loufi  they 
would  remain  in  teaching.  {See  text  table  l-().) 


'  Olhrr  n-asoiis  j/ossibly  coiilnhiUinK'  lo  llu*  low  hiri(iK'  rati's  include 
llu'  ri'lalivrly  stable  sehool-aj^e  population  in  nreiil  years,  lack  ol'  siati* 
and  local  n'souro's.  and  ineri'ased  piipil-ii'acher  ratios. 

1;. 
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Attrition—Job  Satisfaction.  PollowiiiK  up  on  a  na- 
tional sampk*  of  science  and  inatluMiialics  teachers  from 
the  1985-86  National  Sur\'ey  of  Sc  ience  and  Mathematics 
Education,  Weiss  and  Boyd  (1990)  found  that  an  average 
of  13,()()()  science  and  niatheniatics  teachers  left  the  pro- 
fession annually.  The  annual  rate  of  attrition  for  science 
and  mathematics  teachers  (4.5  percent)  was  relatively 
low  when  compared  with  rates  in  otuer  service  profes- 
sions such  as  nursing  and  social  work.  Nevertheless,  at 
this  rate,  half  of  the  current  science  and  mathematics 
teaching  c()n)s  will  need  to  be  replaced  in  15  years. 

ITie  study  researchers  discoveivd  that  inany  current  sci- 
ence and  mathematics  teachers  were  dissatisfied  with  vari- 
ous aspects  of  their  jobs,  citing  adverse  working  condi- 
tions, student-related  issues  such  as  discipline  problems, 
lack  of  adequate  administrative  support,  low  salaries  and 
bi^nefits,  and  a  general  lack  of  professional  prestige.  Thv 
follov^ip  study  indicated  that  many  teachers  were  dissatis- 
fied with  their  salaries.  (See  figure  1-22.)  Although  fewer 
than  1  in  10  teachers  named  salaries  as  what  they  liked 
least  about  teaching,  more  than  half  cited  higher  teacher 
salaries  as  the  single  most  important  factor  for  teacher 
retention. 

Figure  1-21. 

Age  distribution  of  science  and  mathematics 
secondary  school  teachers:  1988 


Mathematics 


SOURCE:  National  Center  for  Education  Statistics,  1987/88  Schools 
and  Staffing  Survey,  special  tabulations  by  the  RAND  Corporation  for 
the  National  Science  Foundation. 
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Text  table  1-6. 

Plans  of  secondary  school  teachers  of  science  and 
mathematics  to  remain  In  teaching 


Science  Mathematics 
All        New         All  New 
Teaching  plans        teachers  toachei^   teachers  teachers 


 Percent  

100.0 

100.0 

100.0 

100.0 

Remain  as  long 

27.4 

34.3 

25.7 

30.4 

Remain  until  eligible 

38.8 

11.2 

38.7 

8.3 

Probably  continue 
unless  something 
better  comes  along . . 

13.9 

13.8 

17.1 

22.5 

Definitely  plan  to  leave 

5.0 

9.6 

3.5 

2.2 

Undecided  at  this  time 

14.8 

31.2 

15.0 

36.7 

SOURCE:  National  Center  for  Education  Statistics,  1987/88  Schools 
and  Staffing  Sun/ey.  special  tabulations  prepared  by  the  RAND 
Corporation  for  the  National  Science  Foundation. 
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Other  recent  studies  indicate  that  salari-js  and  the 
opportunity  to  earn  higher  salaries  in  business  and  indus- 
try influence  the  median  length  of  time  that  teachers 
remain  in  the  teaching  profession  (Muniane  and  Olson 
1989  and  1990).  Analyzing  data  in  teacher  files  in  North 
Carolina,  Michigan,  and  Colorado,  researchers  con- 
cluded that,  depending  on  the  state,  an  annual  salary  dif- 
ferential of  $2,()()()  might  induce  teachers  of  science  and 
mathematics  to  remain  in  the  profession  from  1  to  2  years 
longer  than  generally  expected.  New  teachers  were  par- 
ticularly susceptible  to  the  influence  of  salary  on  career 
decisions.  For  example,  chemistry  and  physics  teachers 
who  command  higher  salaries  in  nonteaching  occupa- 
tions were  almost  twice  as  likely  to  leave  teaching  during 
the  first  year  of  teaching  as  were  social  science  teachers. 


The  Policy  Context 

National  Initiatives  and  Reform  Movements 

Nationwide  concern  about  the  shortcomings  of  the 
American  educational  system  sparked  an  unprecedented 
level  of  stale  activity  during  the  198l)s.  In  almost  every 
slate,  the  education  reform  movcMuent  resulted  in  new 
legislation  or  state  board  regulations  to  increase  stan- 
dards for  slud(Mils;  rc^vise  leach(T  licensure,  training, 
and  compensation  practices:  and/or  (Mihanc(^  informa- 
tion about  school  p(M*f()rmanc(*  (Kuhrman  and  Klmore 
1990).  In  th(  wal  of  stal(*-l(*vel  efforts,  national  organi- 
zations established  their  own  reform  moveiiK^nts. 
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Figure  1-22. 

Teachers'  opinions  about  science  and  mathematics 
teaching 


Liked  least 


Support  from 
students'  parents  - 
16% 


Most  important  factor 
in  retention 


SOURCE:  !.R.  Weiss  and  S,E.  Boyd.  Where  Are  They  Now?:  A 
FoUow^up  Study  of  the  1985-86  Science  and  Mathematics  Teaching 
Force  (Chapel  Hill,  NC:  Horizon  Research,  Inc.,  1990), 
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This  section  describes  significant,  onfjoinfj  national 
and  state  iniliatives  to  improve  education  quality,  particu- 
larly in  the  area  of  science  and  mathematics.  It  also  cov- 
ers the  effects  of  state-level  reform  on  local  education 
entitits  and  classroom  practices  and  hifihliKhts  a  special 
survey  of  state  lej^islators  Kaufjinfj  their  rer  jtions  to  edu- 
cational reforms. 

The  Federal  Role 

hi  1989,  the  Pn^sident  and  the  50  state  K"vernors  adopt- 
ed six  ambitious  national  education  ii^ivAs,  Ihree  of  whieh 
related  directly  lo  precolle^c  sci(Mict^  and  maOiematics. 
(See  "Students:  Achievement,  hiteresl,  and  Coiu*st»work. 
p.  Ui)  In  addition,  the  President  and  ^(mTnors  providiMl 
policy  Ktiidance  by  (lev(»lopinK  spt»cific  objectives  for  (*ach 
Koal,  with  th(»  following  related  specifically  lo  precolle^e 
science  and  mathematics: 


•  Tin*  academic  pcM'lbrmance  of  c^lementaiy  and  sec- 
ondaiy  sludents  will  incn^ase  significantly  in  ev(My 
quartile.  and  the  distribution  of  minorily  students  in 
each  l(»vel  will  more  closely  reflect  Ihe  student  pop- 
ulation as  a  whole. 

•  The  perccMitaKc  of  sludenls  who  demonslrah*  Ihe 
ability  lo  reason,  solve  i)roblems,  apply  knowledge, 
and  write  and  communicale  effectively  will  increase 
substantially. 

•  Mathemalics  and  science  education  will  be 
stren^hened  ihrouKhoul  Ihe  system,  es|)ecially  in 
Ihe  early  j^rades. 

•  The  number  of  teachers  with  a  substanlive  back- 
}i[r()und  in  mathemalics  and  science  will  increase  by 
50  percent. 

•  Kveiy  major  American  business  will  be  involved  in 
strenKtheniiiK  the  connection  between  education 
and  work. 

•  All  workers  will  have  the  opportunity  to  ac(|uire  the 
knowledjje  and  skills,  from  basic  to  highly  techni- 
cal, to  adapt  to  emerKinj?  new  technologies,  work 
methods,  and  markets  throu}^h  public  and  private 
educational,  vocational,  technical,  workplace,  or 
other  programs. 

To  coordinate  the  Federal  portion  of  this  effort,  the 
Committee  on  Kducation  and  Hiunan  Resources  (CKHR) 
was  established  in  May  1990  under  the  Ft^deral  Coordi- 
nating Council  for  Science,  KiiKineerinj^,  and  Technology. 
The  C()mmitt(*e  s  initial  challenge  was  to  develop  a  syst(Mn- 
atic,  comprehensive,  md  accurate  inventory  of  existing 
Federal  programs  and  bu(l}^ets  and  to  pi'tpare  a  coordinat- 
ed program  bu(l}>et  for  fiscal  year  (rT)  1992. 

The  committee  established  the  following  four  budfjcH 
planning  priorities  for  the  precollefje  U»vel: 

•  Teacher  preparation  and  enhancement; 

•  Curriculum  and  materials  development,  research  in 
teaching  and  learning,  program  evaluation,  dissemi- 
nation, and  technical  assistance; 

Comprehensive  proKrams/or^ani/^ation  and  sys- 
tematic reform;  and 

•  Stud(MU  inc(Mitiv(*s  and  opportunities. 

Throughout  its  planning.  CFHK  particularty  empha- 
sised (1)  precollefjc  education  and  (2)  increasinj;  the* 
participation  of  groups  curnMitly  underrepresented  in 
science  and  madiematics  fields. 

Of  the  total  FY  1902  bud^tM  request,  ()5  pcM'ccMU— 
SI. 94  billion — was  in  precollefje  sci(Mice  and  inathcMiiat- 
ics.  PrecolleKe  activities  accounlc^d  for  S()()(U)  million,  or 
?A  perciMit  of  th(>  total  (FCCSin^  1901).  The  1992  r(X|U(*st 
repri*sented  a  2H-perc(Mit  inei'ease  over  FY  1991  and  a  02- 
pcMVJMit  increase  ()V(m*  V\  1090.  (Se(»  fifjurc^  l-2;i)  The 
Department  of  Kducation  and  NSF  accounted  for  nearly 
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Figure  1  -23. 

Federal  investment  in  precollege  science  and 
mathematics  education 

Millions  of  dollars 
800 


600  - 


FY  1990 


FY  1991 


D  Teacher  preparation 
I  Curriculum  development 
D  Compryl'iensive/reform 


FY  1992 


I  Student  incentives 
I  Other 


SOURCE:  Federal  Coordinating  Council  for  Science,  Engineering, 
and  Technology.  By  tho  Year  2000:  Report  of  the  FCCSET 
Committee  on  Eduoitior)  and  Human  Resources,  budget  summary 
and  final  report.  FY  1992  (Washington,  DC:  Office  of  Science  and 
Technology  Policy,  1991). 
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8(1  pt»rci»nl  of  Ihi*  FY  1992  pn^collrfji*  budfji*!  n^que^sl. 
(See  appendix  table  1-2'^.) 

Other  National  Efforts 

St»ViTal  tiatioiial  orfjaiii/ations  iiulependiMilly  lauiiehed 
parallel  efforts  to  diwlop  iu*w  sup|X)rt  sliiieturi*s  to  lu»lp 
slates  and  localities  pronioti*  i^xci^lliMKH*  in  seienei*  and 
nialhenialies  i^ducation.  These  efforts,  hiKhlif^lUi^d  billow, 
include  those  of  thi*  National  Council  of  Ti^adu^rs  of 
Mathematics  (NCTM),  the  National  Academy  of  Sci- 
ences/National Ri^si^arch  Council,  the  American  Asso- 
ciation for  the  Advancement  of  Scmimici*  (AAAS),  and  the 
National  Scmimkv  Ti^achers  Association.  'Hu^se  organiza- 
tions ad()i)ted  and  reU^asi^d  standards  advocating  funda- 
mental chaiifj^^s  in  scii^ice  and  niatlu^natics  curriculum 
content,  ti^achin^^  approadv^s,  and  assessmcMit  technique's 
that  place  a  strong  emphasis  on  probliMn-solviiiK  and  hi^h- 
iT  ordiT  thinking  skills.  Tlu^se  standards  also  maintain  that 
all  students  can  learn  and  that  tluy  deseive  hiKlHiuality 
instniction. 

National  Council  of  Teachers  of  Mathematics. 

NCTM  undertook  a  monum(*ntal  effort  to  set  guideline's 
fo.  mathematics  curriculum  and  assessmiMit.  The  stan- 
dards I'licourajje  ti'achiuK  and  k^arniPK  that  (1)  rely  on 
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applications  of  mathematics  to  n^levant  eveiyday  prob- 
IcMUs  and  situations,  (2)  fosti^r  students'  thinking  skills, 
and  ([^)  inish  them  to  usi*  their  minds  to  solve  |)roblems 
in  unfamiliar  and  ni'w  si^ttiiiKs  and  to  discover  alternative 
solutions,  llu'se  standards  also  eniphasizi'  the  use  of  cal- 
culators, computiTs,  and  otluT  tools  to  ri'lii'vi'  tlu'  ti'di- 
um  of  hand  calculations,  provide  a  basis  for  more  com- 
I)k'X  probli'm-solviiiK  situations,  and  iMi^aK^'  students  in 
niathi»matics  k^arniiiK.  Tlu»  standards  advocati*  intefji'at- 
iiiK  ti^achiiiK  with  assessmiMit  and  I'valuatiiiK  what  stu- 
dents know  and  how^  they  think  about  mathematics 
(NCTM  1989  and  1990), 

National  Research  Council.  NKC  (1989)  advocated 
a  ri'vitalization  of  school  mathematics  and  em|)hasize(l 
how^  crucial  it  is  for  sciiMici',  technology,  and  tin*  I'con- 
omy  that  al!  studi'nts  ri'ceive  hiKlvquality  I'ducation  in 
matluMnaties.  Also  under  NKC  auspici's,  tlu*  Mathe- 
matical ScMiMici's  Kducation  Hoard  (MvSKH)  |)re|)ari'(l  two 
ri'ports  on  concepts  and  principles  of  matlu'matics.  Oni*. 
a  statement  of  philosophy  and  curricular  frami'works, 
providi'd  a  K^^niTal  structun*  to  iJ^ukW  curriculum  de- 
velopment for  the  future  (MSKB  199()b).  Thi*  otlu^r,  on 
major  strands  of  mathiMuatical  thought,  was  inti'nded  to 
stimulate  creative  develo|)ment  of  new  curricula  that 
embody  a  broad  intiTpri'tation  of  mathiMnatics  (MSKH 
1990a).  These  actions,  involving'  many  differiMit 
groups — mathematicians,  scii^ntists,  I'ducators,  and 
administrators — wen*  inti^ndi'd  to  form  the  basis  of  a 
national  consensus  for  new  diri'ctions  in  mathematics 
education. 

American  Association  for  the  Advancement  of 
Science.  AAAS  (1989)  ein|)hasized  the  benefits  of 
hands-on  scii^nce  experimentation  and  ri'comnuMuled 
that  studi^nts  eiifja^'e  more  actively  in  "collectinj^.  sort- 
ing. cataloKir^:  obsei'vin^',  iiote-takiiifji  and  ski'tchinfj: 
interviewing,  polling',  and  surveying:  and  usinfj  hand 
liMises,  mici'oscopes,  thermometers,  cameras,  and  gther 
common  instruments"  (p.  147). 

Other  Efforts.  Besides  advocating  significant 
chaiifj^^s  in  curriculum  content,  national  organizations 
sought  ways  to  lu»lp  promote*  tlu*  changes  recommend- 
(*d.  For  example,  in  a  joint  effort  between  AA-AS  and 
school  districts,  ti^ams  of  ti^aduTs  and  ri*s(*arcluM*s  at  six 
siti*s  across  thi*  countiy  desi^^iu^d  curriculum  and  school 
structui'i*s  for  achievin^^  thi*  K^^als  set  forth  in  AAAS 
(1989)  (see  Kothmau  1990.  |)p.  1,  21). 

Oiu*  curr(Mit  national  scicMice  n^form  |)roject  is  tlu* 
Sc^opc*,  Si*quenei*,  aiul  Coordination  (SSt!>i:C)  iM'ojirt  coor- 
dinati*d  by  thi*  National  Scii^nci*  Ti*achi*rs  Association. 
SSi!«i:C  is  an  effort  to  uiulo  tlu*  "lay(*r  cake*"  approach  to 
scienci'  in  which  sci(*nci*  class(*s  are  ()ff(*ri*d  in  disci|)line- 
sp(*cific  classes  (cK-.  bioloj^y.  clu*misti'\\  and  physics) 
which  an*  taken  by  prof^r(*ssiv(*ly  fi*Wi*r  students  as  they 
mov(*  iiUo  higher  K^'a(U*s.  SStVrC  aims  to  maki*  scienci* 
mon*  attractive*  to  studi'iits  aiul  (*nc()uraK<'  nu)ri*  stu- 
dents— especially  minoritii*s  and  fenuiles — to  pursue* 
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SiJcK  cart'tTs.  UnivcM  sity  t'ducators  and  school  tcachtTs 
aiv  working  together  to  ivdcsij^ii  scinicc  programs  lor 
schools  ill  five  pilot  sites.  Chaiijics  taking  place  include 
increased  integration  and  coordination  oi  the  science 
disciplines,  science  instruction  that  pro^nvss(»s  iVoni  the 
mostly  empirical  in  the  middle  school  j^rades  to  lh(» 
increasingly  theon^tical  and  abstract  in  hi^dier  Ki*ad(»s, 
and  sci(Mice  cours(»s  coverinj^  fewer  topics  to  provide  stu- 
(k'lits  with  more  indepth  covera^t'. 

State  Reform  Movements 

To  date,  numerous  education  reforms  have  been 
enacted  in  eveiy  state.  These  reform  t»fforts  vaiy  j^i-eatly 
in  ranj^t*  and  scope,  but  most  of  them  basically  address 
the  need  to  improve  academic  standards  and  upj^rade 
teacher  quality. 

Improving  Academic  Standards.  In  198:5,  the 
National  Commission  on  Excellence  in  Kducation  rccom- 
niended  that  hij^h  school  students  take  a  minimum  of  4 
years  of  Hnj^lish  and  3  years  each  of  mathematics,  sci- 
ence, and  social  studies  in  order  to  Ki'aduate.  Hy  1990,  4 
states  and  territories  required  :>  years  of  science,  and  \2 
recjuired  in  mathematics.  (Stv  llj^ure  1-1^4.)  States  con- 
tinued to  upKrade  their  science  and  matlu^matics  recjuire- 
ments.  For  example,  from  1989  to  1990,  one  state 
increased  its  w'aduation  rt»quii*tMiu»nts  to  yt»ars  of  sci- 
ence, and  two  increased  theirs  to  \^  years  of  mathematics. 

Some  local  districts  recjuire  more  credits  in  th(*se  sub- 
jects for  Ki'aduation  than  their  states  do,  and  many  stu- 
dents are  takinj^  more  sci(Mice  and  mathematics  credits 
than  their  slates  require.  A  study  by  the  Center  for 
Policy  Research  in  Kduca^'.on  (CPKK)  found  that  some 
districts  had  raised  tlieir  requirements  more  than  they 
othewise  would  have  in  order  to  continue  to  exceed  the 
state s  minimum  {Fuhrman  1991). 

The  CFRK  study  also  found  that  science  gained  the 
most  in  terms  v;^  coursetakinj,^  and  requirements  during 
the  198()s.  New  sch'Kvv'  raiuirements  wtMV  hi^di  relative 
to  pre-existing  coursetakin^*  and  science  coursetakinfj 
showed  the  largest  and  most  consistent  fjains.  Crowtii 
occurred  primarily  in  bej^inninj^  academic  courses  like 
physical  sciences  and  earth  sciences.  In  mathematics. 
f(»W(n*  students  took  remedial  courses  sucii  as  basic 
mathematics  and  fj^Mieral  mathematics,  and  more  stu- 
dents took  courses  such  as  pre-alj^ebra  and  algebra. 

Another  study  of  state  policies  and  coursetakin.ii  in  sci- 
ence and  mathematics  found  that  states  that  recjuired 
2S)  to  ?)  sck'nce  credits  had  a  median  of  9  percent  moi'e 
students  enrolled  in  science  than  states  reCjuirinK  2  cred- 
its or  less.  The  hiKh-requirement  states  had  a  median  of 
4  percent  more  students  taking  upper-level  science 
courses,  e.^.,  chemistiy,  physics,  and  advanced  biology. 
There  was  some  (»vidence  that  a  scie.ice  j^raduation 
requirement  above  2  credits  was  rt4ated  to  more  upper- 
k'vel  science  coursetakinj^.  but  the  data  were  not  conclu- 
sive because  of  the  small  numb(M*  of  states  with  hi^dier 
^cience  requirements. 
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Figure  1-24. 

Number  of  course  credits  required  by  states 
for  high  school  graduation:  1990 

Number  of  states 


50 


English     Social  studies      Math  Science 
H3  or  more    1 2  credits    ^  <2  credits 

NOTE:  Not  all  states  reported  for  each  field 

SOURCE:  R.K.  Blank  and  Datkitic,  State  Indicators  of  Science  and 
Mathematics  Education:  (Washington,  DC:  Council  of  Chief  State 
School  Officers.  1991). 
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In  mathematics,  the  sanu'  study  showed  that  states 
requirinj^  from  1^.5  to  ?)  credits  for  Ki'aduation  had  a  medi- 
an of  10  percent  more  students  taking'  mathematics 
courses  than  states  reCjuirinK  2  credits  or  less.  However, 
the  hij^h-requirement  states  had  a  median  of  only  2  per- 
cent  more  students  taking  upper-level  courses,  i.e., 
jieometry  throuj^h  calculus.  These  results  indicated  that, 
on  averafjt*.  hijjher  state  graduation  requirements  did 
not  necessarily  lead  to  substantially  more  students  tak- 
inj^  ui)l)er-level  mathematics  courses,  althou^di  there 
were  a  few  individual  state  exceptions  to  this  pattern 
(Blank  and  Dalkilic        p.  1), 

Upgrading  Teacher  Quality.  In  a  study  of  su\w  pol- 
icy issues  pertaining  to  teachers  and  teachin^^  Fuhrman 
(1991)  reached  three  conclusions  concernini^  teacher 
shortaj^es: 

•  llie  national  probl(*m  was  not  as  severe  as  predict- 
ed in  the  early  li)8()s, 

•  Shortaj^i's  varied  markedly  by  state,  and 

•  Answers  to  questions  about  supply  and  (k'mand  of 
scitMice  and  mathematics  teachers  varied  with  the 
criterion  of  teacher  cjuality  used. 

Many  states  devised  policies  to  increase  the  supply  of 
teachers  in  science  and  mathematics.  States  increased 
the  pay  scale  of  t(»achers  to  retain  and  attract  teachers 
and  provided  loans  for  students  enterin^^  trainin^^  in 
shortage  fields.  States  also  raised  requirements  for 
l(*acher  certification  in  science  and  mathematics  at 
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Attitudes  of  State  Legislators  Toward 
Science  and  Mathematics  Education  Improvements 


Although  there  have  been  many  studies  on  the  atti- 
tudes toward  education  reform  of  various  educational 
leadership  groups^  little  is  known  about  the  corre- 
sponding attitudes  and  policy  preferences  of  state  leg- 
islators. To  answer  this  need»  an  annual  sample  survey 
of  state  legislators  was  launched  in  1990  (Miller  1990). 

Are  New  Programs  Needed?  As  part  of  the  study, 
the  legislators  were  asked  if  their  states  should  initiate 
any  new  programs  to  improve  science  and  mathemat- 
ics education.  Most  of  the  legislators  (80  percent) 
thought  that  some  new  programs  were  needed;  how- 
ever, one  in  five  was  not  sure  what  those  programs 
ought  to  be. 

Among  those  who  could  identify  specific  programs 
for  improving  science  and  mathematics  education, 
there  was  little  consensus  as  to  what  should  be  done.  A 
slim  majority  advocated  solutions  related  to  program 
delivery,  including  increased  emphasis  on  the  subjects 
in  the  classroom,  longer  school  days,  and  longer 
school  years.  The  second  most  popular  set  of  recom- 
mendations involved  new  curricula  and  materials. 
Legislators*  next-cited  program  preference  focused  on 
improved  teacher  training  and  increased  teacher  pay 
to  yield  better  qualified  teachers.  The  two  least-cited 
program  options  were  increasing  state  standards  or 


requirements  and  establishing  science  and  mathemat- 
ics academies  and  magnet  schools. 

Is  Education  Sufficiently  Funded?  When  asked 
about  state  financial  support.  56  percent  of  the  legisla- 
tors indicated  that  too  little  was  being  spent  on  public 
elementary  and  ^.<:Condary  education  in  their  states.  In 
fact,  legislators  pl*^ced  elementary  and  secondary  edu- 
cation near  the  top  of  their  list  of  underfunded  state 
programs.  Only  a  third  of  those  surveyed  indicated 
that  their  states*  educational  funding  was  adequate; 
another  8  percent  thought  that  their  states  were  pro- 
viding too  much  support  to  public  education. 

Although  there  was  no  consensus  as  to  what  areas 
of  education  should  receive  the  highest  funding  prior- 
ity. 16  percent  of  the  legislators  supported  improved 
teacher  programs.  Another  13  percent  cited  a  need  for 
preschool  and  elementary  school  programs. 

Interesfingly,  hardly  any  of  the  legislators  identified 
improvements  in  science  and  mathematics  education 
as  the  primary  target  of  additional  state  spending. 
Given  legislators*  general  recognition  of  problems  in 
science  and  niathemafics  education,  this  finding  could 
indicate  that  most  state  legislators  viewed  these  prob- 
lems as  only  one  aspect  of  a  broader  set  of  educational 
reform  issues  to  be  addressed. 


elementary  and  secondary  levels.  Some  states  passed 
alt(»rnative  certification  policies  intended  to  attract  non- 
certified  college  graduates  to  teaching,  and  many  states 
instituted  mandatory  teacher  assessments  to  iMisure  that 
new  teachers  (and.  in  two  states,  all  teachers)  met  stan- 
dards for  verbal  ability,  knowltulgt*  of  their  teaching 
field,  and  knowledge  of  education  in  general  (Blank  and 
I)alkilicl991.p.  2(\). 

The  agt*  distribution  of  sci(»nce  and  mathematics 
teachers  indicatt*d  liltlt*  likt^lihood  nationwidt*  of  grt*at(M" 
shortagt^s  of  teachers  in  [hcsv  subji^cls  than  in  other  sub- 
jects. The  fii^lds  of  cheniisliy  and  physics  had  slightly 
more  tt»aclu»rs  older  than  age  50  than  othei'  teaching 
fields,  but  all  the  science  and  mathematics  fii^lds  had 
teacluM's  younger  than  the  aviM'age  for  all  high  school 
t(»ach(M's.  A  shortage  of  scienct*  and  mathiMuatics  teach- 
ers could  be  anticipated  in  a  fi^w  statics  with  much  higher 
p(Tcentagt*s  of  their  teaching  force  oUUm*  than  age  50 
than  other  states. 

In  some  stales,  the  majority  of  science^  and  mathemat- 
ics teachers  majored  in  collt^gt*  in  tlu»  subject  they  tt»ach. 
Hut  other  staters  had  rt»latively  lew  ti^achers  with  majors 
in  their  subject.  About  half  of  ill  high  school  science  and 
mathematics  teachers  had  a  college  major  in  their 
assigned  field,  hi  most  states,  school  districts  wen*  abU^ 


to  hire  and  assign  stal(HVrtified  science  and  mathematics 
teachers,  but  many  of  ihest*  tt*achei's  did  not  m(H»t  higher 
standards  for  preparation  such  as  having  a  college*  major 
in  their  assigned  f\ck\  or  nKuUing  standards  set  by  profes- 
sional societies  (Blank  and  Dalkilic  1991.  p.  42). 

Impacts  of  State  Reforms:  Case  Studies 

SevtM'al  asst»ssments  of  stat(*-lev(»l  n^forms  have  been 
undertaken  by  individual  states,  the  Centt  r  for  Policy 
Kest»arch  in  Kducation.  and  the  CcMiter  for  the  Ix^arning 
and  '1  eaching  of  KlemiMitaiy  Subjt»cts  in  conjunction  with 
the  National  Center  for  Kt»search  on  'i\*acht*r  Kducation. 
In  geiH'ral.  thest^  ass(^ssments  attempt  to  address  some 
or  all  ')f  the  following  issues: 

•  WtM't*  tht*  policit^s  succt^ssful? 

•  What  wtMV  the  t*ffects  of  the*  n^forms? 

•  How  w(M'e  I'eforms  impkMiUMited  at  tht*  local  level? 

•  How  have  policies  afflicted  t(»achei*s'  choices  about 
tt^aching  practices  and  course  content? 

Success  of  Policies.  Some  state  re-forms  that  wen* 
initially  seen  as  unlikely  to  he  impliMuentt^d  by  local 
school  districts  may  be  yielding  more  biMiefils  than 
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anticii)aU'(l.  For  exampkN  both  California  and  South 
Carolina  have  be(Mi  systematically  tracking  the  effects  of 
their  education  reform  i)ackaKes  for  4  years.  Hoth  sets 
of  assessmcMits  reveal  that,  althouKh  there  is  substantial 
room  for  improvement,  many  of  the  initiatives  have  been 
successfully  implemented,  have  led  to  important  changes 
in  districts  and  schools,  havt*  raised  targeted  indicators  of 
student  i)erf()rmance,  and  have  not— as  many  observers 
anticipated— left  at-risk  students  behind  (Murphy  1989, 
pp.  217-18). 

Effects  of  Reforms.  In  a  study  of  educational  reform 
in  six  states  (Arizona,  California,  Horida,  (Georgia, 
Minnesota,  and  Pennsylvania)  undertaken  by  CPKK, 
investigators  concluded  that  educational  reforms  to 
increase  high  school  graduation  requirements  exerted  a 
powerful  influence  over  schooling  (Fuhmian  and  Klmoi'e 
1990,  p.  Among  othiT  effects,  these  reforms  led  lo  dif- 
ferent course  offerings  by  many  districts  and  schools,  new 
coursetaking  patterns  by  large  numbers  of  students,  more 
attention  to  the  knowledge  and  skills  addressed  by  stan- 
dardized tests,  and  adjustments  in  teacher  assignments. 
ITiese  changes  were  effected  even  though  many  districts 
had  already  met  or  exceeded  the  new  requirements. 

nie  study  found  that  many  local  districts  enacted  poli- 
cies of  their  own  that  exceeded  the  state  mandates.  As  a 
result,  low-achieving  students  were  more  affected  than 
others  by  changes  in  minimum  graduation  require- 
ments, because  higher  achit^ving  students  were  already 
likely  to  be  taking  courses  imposed  by  new  state  stan- 
dards (CPKE  1990,  |).  4).  ITiis  local  activity  took  a  variety 
of  forms,  e.g.,  enacting  policies  in  anticipation  of  high 
state  mandates  and  using  the  state  policies  to  achieve 
their  own  district  objectives.  For  example,  of  the  24  dis- 
tricts studied  in  the  ()  states,  10  had  a  strong  form  of  cur- 
riculum frameworks,  course  syllabi,  tests,  textbooks,  and 
(in  some  cases)  teacher  evaluation  instruments  to  pro- 
duce a  more  uniform  curriculum  across  district  schools. 

Implementation  of  Reforms.  According  to  the  ilnd- 
ings  of  the  CPKF  study,  states  that  had  significant  effects 
on  local  education  agencies  a|)|)eared  to  rely  more  on 
multiple  mechanisms  of  influence  than  on  direct  control. 
The  following  are  examples  of  successfully  used  mecha- 
nisms of  influence. 

•  Mobilization  of  professioml  and  public  opinion— ihv 
school  reform  |)ackages  of  at  least  four  staiis  in  the 
CPKF  sample  were  heavily  influenced  by  organi/(^d 
business  interests,  which  mobilized  public  opinion 
around  highly  visibh^  statements  of  the  rationale  for 
education  reforms. 

•  Using  information  about  performance  to  shape  the 
local  school  district  policy  environment— Cc\\\U)\'\m\ 
and  Florida  |)ublished  the  rc^sults  of  state  iierfor- 
mance  assessments,  using  their  ext(*nsive  informa- 
tion on  sch()()l-l(»vel  performance^  to  shape  the  terms 
of  debate  about  th(^  success  of  educational  reform 
and  school  effectiveness. 
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Effects  on  Teachers'  Choices.  ITie  CPKF  study 
also  found  that  new  state  and  district  i)olicies  ap|)eared 
to  have  affecti^d  teaching  practices  less  than  course  con- 
tent. States  and  districts  had  revised  curriculum  guides 
and  frameworks  in  an  effort  to  lend  fjfr^ater  emi)hasis  to 
higher  order  thinking  skills  and  problem-solving.  But 
the  study  evidence  suggested  that  stale  and  district 
activity  in  this  area  affected  teachers  only  sporadically. 
Some  teachers  adopted  new  practices,  while  others  con- 
tinued to  use  the  same  pedagogy  and  emphasize  similar 
kinds  of  knowledge  as  before. 

Problems  associated  with  the  implementation  of  poli- 
cies to  increase  higher  order  skill  teaching  included  the 
fact  that  only  limit(*d  resources  were  devoted  to  staff 
development  in  this  area.  Also,  laboratory  work  contin- 
ued to  play  a  relatively  small  role  in  most  science  classes 
because  many  s<:hools  had  inadequate  laboratoiy  facili- 
ties and  lacked  chemicals  and  equipment  necessary  to 
connuct  basic  laboratory  exercises. 

Another  study  focused  on  changes  in  elementary 
school  mathematics  classroom  teaching  practices  as 
they  related  to  a  newly  enacted  California  state  policy  of 
teaching  mathematics  for  understanding.^^  The  policy 
reflected  an  effort  to  shift  mathematics  teaching  from 
mechanical  drill  and  memorization  toward  reasoning  and 
understanding.  Unlike  many  similar  policies  that  either 
set  broad  goals  or  required  that  certain  courses  be 
taken,  the  California  reform  used  the  concept  of  instruc- 
tional "alignment"  to  improve  mathematics  teaching  and 
learning.  In  accordance  with  this  concept,  the  state 
recast  its  curriculum  guidelines,  textbooks,  and  assess- 
ments to  convey  clear  messages  of  change  to  both  teach- 
ers and  students. 

llie  policy  challenged  basic  beliefs  about  mathematics, 
about  how  students  learn  mathematics,  and  about  how 
teachers  perceive  their  role  and  conduct  their  classes. 
Based  on  preliminary  analyses,  teacher  responses  to  the 
new  policy  a|)pear  to  vary  widely.  Several  of  the  teachers 
viewed  mathematics  rather  traditionally,  as  a  sequence  of 
topics  to  be  covered  serially.  These  teachers  organized  the 
nvv/  contc^nt  into  the  existing  structure  of  traditional  school 
mathematics.  Some  teachers  saw  the  policy  as  a  new 
source  of  teaching  strategies  and  fully  exploited  Uie  poli- 
cy's recommendation  to  transmit  material  more  effectively 
through  such  tactics  as  classroom  games,  fllmstri|)s,  and 
concrete*  models.  Other  teachers  used  these  strategies  too; 
however,  these  individuals  used  the  strategies  as  sim|)ly  a 
novel  means  of  capturing  students'  attention  in  nu^moriz- 
ing  the  traditional  rules  and  procedures  without  giving  stu- 
dents an  opportunity  to  explore  on  their  own. 
Consequently,  these  teachers,  like  the  first  group 
described,  filtert^d  the  ne^w  mathematics  instruction  policy 
through  the  traditional  structure  of  rote  learning. 


This  study  iiuludod  \\\uc  U^adwvs  in  six  diflcrcnl  clcniciilary 
s;  h(iols  (lialf  of  wiiicii  \\v\v  SI'lS  schools  and  hall  ol  which  were 
low)  in  Ihnr  diflcivnl  California  school  dislricls  (Cohen  VM)). 
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Summary 

FollowiiiK  an  outpouring  of  Federal,  state,  and  local 
educational  retorni,  overall  student  achievement  in  sci- 
ence and  mathematics  since  1977  is  be^inninK  to  im- 
prove— but  the  levels  an*  only  at  those  attained  around 
1970.  There  are  positive  results  in  terms  of  equality  of 
educational  attainment:  K^ps  in  performance  in  science 
and  mathematics  between  black  and  Hispanic  students 
and  their  white  peers  are  beinfj  reduct»d.  Attainment  in 
analytical  and  higher  order  skills  remains  low  and  sub- 
stantially unchanged. 

Why  there  has  not  been  more  progivss  is  a  matter  of 
continuing  national  debate.  One  significant  finding  in 
this  regard  is  that  inadequate  resources  for  staff  develoi> 
ment  and  foi  laboratoiy  equipment  have  inhibited  effec- 
tive implementation  of  slate  and  district  policies  to 
increase  school  teaching  of  higher  order  thinking  and 
analytical  skills. 

NunuTous  national  and  international  studies  point  to  a 
number  of  aggregated  and  individual  variables  (most  of 


which  have  been  reported  in  this  chapler)  that  appear  to 
be  positively  related  to  educational  success.  Hut  no  mat- 
ter how  detailed  and  careful  the  slafistical  analysis, 
causal  relationships  cannot  be  inferred  based  on  these 
data  alone — whether  students  with  higher  proficiency 
seek  out  more  rigorous  courses  in  school  and  pursue 
them  with  more  rigid  academic  vigor,  or  wheth<M'  the 
courses  themselves  strengthen  pn)ficiency. 

Applebee,  linger,  and  Mullis  {1989,  |).  6)  draw  the  fol- 
lowing conclusion  about  the  current  status  and  condition 
of  education  in  the  United  States: 

AnuM'ican  t'ducaiion  is  at  a  crossroads.  Wliik*  aca- 
demic achii'venuMil  appears  to  be  improvin^^  after 
years  of  decline,  lh(^  conlinuinK  lack  of  growth  in 
higher-l(»vel  skills  suggests  that  more  fundamental 
chan.tjes  in  carrieuluni  and  inslniclion  may  be  lurded 
in  order  to  produce  more  substantial  improvements. 
The  educational  system  in  this  country  needs  to 
extend  its  focus  from  the  teaching  and  learning  of 
skills  ami  content  to  include  an  emphasis  on  the  pur- 
poseful use  of  skill  and  knowledge. 
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Higher  Education  in  Science  and  Engineering 

HIGHLIGHTS 


Characteristics  of  Higher  Education 
Institutions 

•  Research  I  universities  dominate  science  and  en- 
gineering (S&E)  doctorate  production;  they  also 
award  a  sizable  proportion  of  S&E  baccalaureates. 

In  1988,  research  I  universities,  which  accounted  for 
about  one-quarter  of  the  U.S.  academic  institutions 
that  offered  doctorate  study,  awarded  two-thii'ds 
of  the  year  s  S&E  doctorates.  The  5  percent  of  bac- 
calaureate-gi'antinR  schools  classified  as  rcseai'ch  I  pi'o- 
duced  30  percent  of  S&K  bachelors  degrees.  See  pp. 
46-47. 

•  Tracing  the  baccalaureate  institutional  origins  of 
recent  S&E  doctorate  recipients  reinforces  the  sig- 
nificant role  played  by  research-intensive  universi- 
ties. About  two-fifths  of  the  people  who  earned  S&K 
doctorates  between  1985  and  1990  had  received  theii' 
bachelors  degrees  at  research-intensive  universities. 
Anothei*  one-quartei'  received  their  baccalaureates  from 
other  doctorate-granting  institutions.  See  pp.  47-48. 

•  Comprehensive  I  schools  are  more  significant  in 
baccalaureate  and  masters  S&E  education  than 
in  doctoral  studies.  Roughly  29  percent  of  S&E 
bachelors  degrees  and  21  percent  of  masters  degrees 
were  granted  by  comprehensive  I  schools  in  1988.  In 
contrast,  these  schools  accounted  for  about  1  percent 
of  S&K  doctorates.  See  pp.  46-47 

Undergraduate  Students 

•  In  the  late  eighties,  female  undergraduates  out- 
numbered males,  and  tlie  proportion  of  under- 
graduates in  their  late  20s  or  older  continued  to 
grow.  Despite  declining  enrollments  by  the  traditional 
college-age  group  (18-  to  21-year-()lds)  in  the  eighties, 
undergraduate  enrollments  increased  hy  almost  2  mil- 
lion. Some  of  this  increase  was  due  to  greater  partici- 
pation in  higher  education  by  females,  pai'ticularly 
older  females,  hi  1988,  females  represtMited  over  half 
of  both  undergraduate  enrollment  and  high  school 
graduates.  See  p.  48. 

•  Increasingly,  undergraduates  have  been  enrolling 
part  time  and  attending  2-year  institutions.  Pait- 
time  students  made  up  ovw  40  perc(Mit  of  undergrad- 
uate enrollment  in  1988;  this  proportion  was  up  from 
25  percent  10  years  earlier.  KiirollmtMits  in  2-year  col- 
h^ges  have  also  risen  significii^^tW,  accounting  for 
more  than  half  th(^  growth  in  ov  \  undergraduate 
enrollments  in  the  last  10  years.  See  p.  48. 

ER?C 


Freshman  Characteristics 

•  Among  freshmen  intending  to  major  in  S&E  fields, 
the  proportion  choosing  natural  science  steadily 
declined  in  the  last  20  years;  concurrently,  interest 
in  engineering,  which  had  faltered,  began  to  recov- 
er. The  percentages  of  S&E  freshmen  who  planned  a 
major  in  mathematics  or  the  physical  sciences 
declined  between  1971  and  1990.  Interest  in  engineer- 
ing, on  the  other  hand,  continued  to  increase  until  the 
early  eighties  at  which  point  it  declined;  the  latter  part 
of  the  eighties  saw  a  slow  increase  in  freshman  inter- 
est. See  p.  49. 

•  Underrepresented  minorities  are  less  likely  than 
whites  and  Asians  to  plan  a  major  in  S&E  fields. 

In  1990,  roughly  one-third  of  blacks.  Native 
Americans,  and  Hispanics  reported  an  S&E  field  as 
their  probable  major,  hi  contrast,  over  two-fifths  of 
Asians  planned  to  major  in  science  or  engineering. 
See  p.  49. 

S&E  Degree  Production  and  Graduate 
Enrollments 

•  llndei^aduate  degree  production  declined  during 
the  1980s  in  most  S&E  fields.  Over  the  decade,  the 
number  of  degrees  di'opped  in  most  natui'al  and  behav- 
ioral science  fields  but  rose  in  the  computei'  sciences. 
Between  1985  and  1989,  the  number  of  undei'graduale 
degrees  awarded  dropped  in  virtually  all  S&K  fields 
except  the  behavioral  sciences.  See  p.  50. 

•  Some  leading  indicators  suggest  that  the  decline 
in  the  proportion  of  bachelors  degrees  awarded 
in  S&E  fields  may  level  off  in  the  near  future. 

Data  on  freshman  plans  predict  that  the  long-term 
decline  in  the  proportion  of  natural  science  degrt^es 
may  have  bottomed  out  in  1990  and  that  recovery  may 
evident  in  the  proportions  of  computer  science  and 
engineering  degrees  in  1992.  Bachelors  degrees  in  the 
b(^havi()ral  sciences  are  likely  to  peak  as  a  percentr.ge 
of  all  baccalaureates  in  the  early  nineties.  Seep.  52. 

Financial  Support 

•  Financial  support  for  graduate  education  has 
shifted  somewhat  toward  non-Federa?  sources. 

Non-Federal  sources  of  financial  support  were  report- 
ed by  a  majority  (.S?!  percent)  of  S&K  graduate  stu- 
dents in  1990.  up  from  48  percent  10  years  earlier. 
During  the  sanu^  period,  Ft^leral  sources,  which  had 
dc^dined  in  th(^  (»arly  (Mghties,  began  to  rebound  in  the 
latter  half  of  the  decade.  See  p.  57. 
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Foreign  Participation  in  S&E  Graduate 
Education 

•  Participation  by  foreign  citizens  in  U.S.  S&E 
graduate  programs  has  increased.  S&E  graduate 
enrollment  of  foreign  citizens  increased  by  more  than 
two-fifths  during  the  eighties;  in  1990.  foreigners 
accounted  for  more  than  one-quarter  of  the  graduate 
students  in  these  fields.  Similarly,  among  S&E  doctor- 
ate recipients,  foreign  participation  almost  doubled 
over  the  decade.  In  1990,  about  one  in  three  S&E  doc- 
torate recipients  was  on  either  a  temporary  or  perma- 
nent visa.  See  pp.  58-59. 

•  Foreign  citizens  tend  to  concentrate  on  engineer- 
ing and  certain  natural  science  fields  radier  than 
on  the  behavioral  sciences.  In  1990.  the  majority  of 
doctorates  in  engineering  (57  percent)  and  mathemat- 
ics (56  percent)  were  granted  to  non-U.S.  citizens.  In 


Introduction 

Chapter  Focus 

This  chapter  focuses  on  higher  education  in  science 
and  enKineeriny  (ScKrK).  Specifically,  indicators  are 
examined  for  the  following  [hvcv  topic  areas: 

•  Characteristics  of  U,S.  institutions  that  grant  degrees 
in  S&E.  Kxploriny  the  characteristics  of  the  differ- 
ent types  of  institutions  that  ^rant  decrees 
reveals  the  very  different  roles  that  these  institu- 
tions play  in  the  (ulucational  process.  Classifying 
universiti(*s  and  collegers  by  broad  categories  shows 
diff(Mvnces  by  both  de^MVe  level  and  discipline. 

•  Characteristics  of  the  U.S.  student  population  at  the 
undergraduate  and  graduate  levels..  Trends  in 
dc^gree  production  and  enrollments  among  the  U.S. 
student  population  indicate  two  phenomena.  At  all 
educational  l(»vels.  increasing  percentages  of  the 
p()ststHM)ndary  population  are  made  up  of  wohkmi 
and  older  students.  Partially  reflecting  these  demo- 
graphic trends,  there  has  becMi  a  mark(*d  decline  in 
the  choice  of  many  S6L'K  fields  as  areas  of  study, 
especially  at  the  baccalaureate*  h^vel. 

•  International  issues.  S^Krlv  (education  is  becoming 
incr(»asingly  intcM'nationali/ed.  For  (*xample,  tlu* 
number  of  foreign  studcMits  studying  at  U.S.  institu- 
tions, particularly  at  advanced  degree*  l(*V(»ls,  has 
grown  so  much  more*  l  apidly  tlian  that  of  U,S.  stu- 
dents that  foreign  studcnils  now  account  for  more* 
than  half  of  the  doctoratc^s  awarded  in  some  St^'K 
fu^lds.  AnotluT  int(Tnati()nal  issue*  involves  the  com- 
parison of  tin*  numb(*r  of  Si!C:K  d(^gr(*(^s  awanhul  by 
various  countries.  For  example,  in  Japan,  about  6.4 


comparison,  foreign  students  received  36  percent  of 
the  doctorates  granted  in  the  social  sciences  and  only 
6  percent  of  those  in  psychology.  See  p.  59. 

International  Comparisons  of  Baccalaureate 
Production 

•  There  has  been  a  rapid  rise  in  bachelors  degree 
production  in  natural  science  and  engineering 
(NS&E)  fields  in  Asia.  Between  1975  and  1988. 
NS&E  degrees  more  than  doubled  in  South  Korea. 
Singapore,  and  Taiwan.  The  comparable  increase  in 
developed  countries  was  16  percent.  See  p.  60. 

•  Participation  in  NS&E  education  is  highest  in 
the  USSR.  About  9  percent  of  22-year-olds  in  the 
USSR  earned  baccalaureates  in  NS&E  fields  in  1988. 
compared  to  5  percent  in  the  United  States  and  0.6 
percent  in  China.  See  pp.  61-62. 


p(M'C(MU  of  tlie  c()IU^ge-aj;(^  population  rtrcMVcd  first 
university  degrees  in  the  natural  sciences  and  engi- 
lUHTing.  hi  the  United  States,  this  proportion  was  5 
percent. 

Chapter  Organization 

This  chapter  is  divided  into  five  major  sections.  The 
first  of  these  provides  information  on  indicators  related 
to  the  characteristics  of  U.S.  institutions  including  (l)the 
different  typts  of  institutions  that  award  S&K  decrees  at 
various  levels  and  (2) baccalaureate  orijiin  institutions  of 
recent  ^&V.  doctorate  recipients. 

The  second  and  third  sections  aww  topics  related  to 
the  characteristics  of  American  colleen*  freshmen  and 
hi«h  school  graduates;  graduate*  enrollment  in  S&K  pro- 
grams; and  ScKrK  decree  production  at  the  baccalaureate*, 
masters,  and  doctorate  decree  hovels.  Thc^  fourth  section 
explores  a  related  indicator,  that  of  major  sources  of 
financial  support  repoilt^l  by  underyraduatt*  and  gradu- 
ate students  in  U.S.  institutions. 

The  final  section  of  the  chaptei*  rc^volves  around  two 
issues  of  international  comparison:  (1)  the*  increasing 
numb(M*  of  foreign  students  at  U.S.  collejLjes  and  universi- 
ti(*s  and  (2)  decree  production  trends  lor  st»iected  coun- 
tries, including  six  Asian  countries. 

Characteristics  of  Higher  Education 
Institutions 

Therc^  an*  morc^  than  li.OOO  institutions  of  IiIkIut  edu- 
cation in  th(»  United  States,  playin.t;  a  variety  of  rolc^s  at 
each  d(»yre(*  levc^l  in  th(*  Sc^'lC  education  process.  To 
ass(»ss  and  examini^  tlu*  diff(M*(MU  charaet(Mistics  of  these 
institutions,  a  classification  scheme  was  dt^veloped  by 
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tlK*  Carne^i^'  Foundation  lor  the  AdvaiiciMiirnt  of '1  each- 
inK  (Carnegie  1987).  Widely  used  by  the  academic  coiii- 
nuiuity  as  a  means  of  viewinj^  the  overall  stricture  of  the 
U.S.  hij{her  education  system,  the  classification  system 
was  first  introduced  in  1970  and  rc^vised  slightly  in  1976 
and  1987.  See  "Classification  of  Academic  histitutions," 
|).  47,  for  a  brief  dt^scription  of  the  CarnejLjie  categories 
used  in  this  chapter. 

Bachelors  Level 

Of  the  1,700  institutions  that  j^ranted  baccalaureates, 
almost  1,400  granted  decrees  in  S<S:K  fields  in  19KK.  (Sec^ 
text  table  2A.)  Comprehensive  I  and  liberal  arts  II 
schools  accounted  for  over  half  of  the  institutions  with 
Sc^'K  programs;  research  I  and  research  II  univtM'sities 
r(M>**^'^<^'nted  S  and  2  percent,  respectively,  of  all  institu- 
tions offering?  S&li  baccalaureates.  These  proportions 
chanK<^\  however,  l)y  S^^'K  field.  For  example,  almost  17 
percent  of  the  schools  offerinji  undergraduate  tMifjintvi- 
inj^  de^ret^s  were  in  the  research  I  catej^oiy,  while  these 
schools  representi^d  S  i)ei'cent  of  undergraduate  degi'ees 
in  the  natural  sciences. 

Research  I  and  compri^luMisive  I  schools  accounted  for 
the  largest  fractions  of  Sc^'K  baccalaureates  awarded:  !50 
percent  and  29  percent  in  1988.  (See  figure  2-1.)  Liberal 
arts  II  schools,  on  the  other  hand,  jj^ranted  fewer  than  4 
percent  of  all  S&K  baccalaureates  that  year.  A^ain,  dif- 
ferences emerge  by  discipline.  About  two-fifths  of  all 
eiiKineerinj^  gi'^iduates  wtMV  from  research  I  schools, 
and  about  one-third  of  natural  science  jj^raduates  attend- 
ed comprehensive  I  institutions. 

In  terms  of  percentage  of  bachelors  degrees  awarded 
in  science  and  engineering  (i.e.,  S&K  productivity), 


Text  table  2-1 . 

Number  of  academic  institutions  with  science  and 
engineering  (S&E)  programs,  by  degree  level:  1988 


S&E 

S&E 

S&E 

bachelors 

masters 

doctorate 

Type  of  institution 

programs 

programs 

programs 

Total  

1.392 

645 

291 

67 

68 

70 

34 

34 

34 

Doctorate-granting  1 . 

47 

48 

48 

Doctorate-granting  II 

54 

57 

52 

Comprehensive  . .  . 

394 

275 

35 

Comprehensive  II  .  . 

163 

43 

2 

138 

28 

3 

Liberal  arts  II  

,  380 

26 

1 

Two-year  institutions 

15 

0 

0 

83 

45 

33 

Other  

11 

19 

13 

Not  classified  

6 

2 

0 

See  appendix  tables  2-1. 2-2.  and  2-3. 
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Figure  2-1. 

Relative  production  of  science  and 
engineering  degrees,  by  <:?egree  level  and 
institution  type:  1988 


Percent 
100 
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H  Research  II 
H  Research  i 
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B.A. 
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otluM*  types  of  institutions  stood  out.  For  example,  almost 
45  percent  of  the  decrees  awarded  by  liberal  arts  I 
schools  W(MV  in  S&K  fields  in  19HH.  Also,  a  third  of  the 
decrees  in  research  II  and  doctorate-j^rantiiiK  II  schools 
were  in  these  fields.  In  comparison.  S&K  decrees  repre- 
sented 25  and  2{)  percent,  respectively,  of  the  de^rcvs 
awarded  by  compn^hensive  I  and  liberal  arts  II  institu- 
tions. About  41^  percent  of  the  decrees  conferred  by 
reseai'ch  I  schools  were  in  science  and  en^ineerinK. 

Historically  black  colleges  and  universities  are  vital  to 
the  undergraduate  education  of  minorities  in  science 
and  enfjin^^'^'rinK-  These  schools  comprise  fewer  than 
one-tenth  of  the  number  of  institutions  in  the  three 
Carnefjit'  catejiories  in  which  they  are  classified  (com- 
I)r(^hensive  I  and  II  and  liberal  arts  II).  Vet,  historically 
black  colU^K^^^s  and  universities  account  for  about  one- 
third  of  natural  science  and  en}^ineerin}^  (NS&K)  bac- 
calaurt^ates  earned  by  minorities  who  are  underrepre- 
sented  in  SSzli  (i.e..  blacks.  Native  Americans,  and 
Hispanics).  In  the  af^}^^ef^ate,  comprc^hensive  I  and  II 
and  liberal  arts  II  schools  j^raduate  about  62  percent  of 
minorities  earning  NS(S:K  degrees. 

Masters  Level 

About  65.()()()        mast(M's  (U^j^ret^s  wvrv  awardc^d  by 
645  institutions  in         Comprehensivt^  I  schools  made 
up  the  lar}^(*st  proportion  of  these  masters-}^rantin}^ 
schools  (4:5  ptTCtMit);  the  next  largest  proportion  (11  per 
cent)  was  the  research  I  categoiy. 
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Classification  of  Academic  Institutions 


Following  are  brief  descriptions  of  the  Carnegie  cat- 
egories used  in  this  chapter  (Carnegie  1987). 

Research  I:  institutions  that  offer  a  full  range  of 
baccalaureate  programs,  are  committed  to  graduate 
education  through  the  doctorate  degree,  and  give  high 
priority  to  research.  They  receive  at  least  $33,5  million 
annually  in  Federal  support  and  award  at  least  50 
Ph.D.  degrees  each  year. 

Research  II:  institutions  that  offer  a  full  range  of 
baccalaureate  programs,  are  committed  to  graduate 
education  through  the  doctorate  degree,  and  give  high 
priority  to  research.  They  receive  between  $12.5  and 
$33.5  million  annually  in  Federal  support  and  award  at 
least  50  Ph.D.  degrees  each  year. 

Doctorate-grantlng  I:  in  addition  to  offering  a  full 
range  of  baccalaureate  programs,  the  mission  of  these 
institutions  includes  a  commitment  to  graduate  educa- 
tion through  the  doctorate  degree.  They  award  at  least 
40  Ph.D.  degrees  annually  in  five  or  more  academic 
disciplines. 

Doctorate-grantlng  II:  in  addition  to  offering  a  full 
range  of  baccalaureate  programs,  the  mission  of  these 
institutions  includes  a  commitment  to  graduate  educa- 
tion through  the  doctorate  degree.  They  award  at  least 
20  or  more  Ph.D.  degrees  annually  in  at  least  one  disci- 
pline or  10  or  more  Ph.D.  degrees  in  three  or  more  dis- 
ciplines. 

Comprehensive  I:  institutions  that  offer  baccalau- 
reate programs  and.  with  few  exceptions,  graduate 
education  through  the  masters  degree.  More  than  half 
of  their  baccalaureate  degrees  are  awarded  in  two  or 
more  occupational  or  professional  disciplines  such  as 
engineering  or  business  administration.  All  of  the  insti- 
tutions in  this  group  enroll  at  least  2.500  students. 


S&K  masters  (h^gree  i)r()duction  is  most  highly  coiv 
ccMitrated  in  rrsoarch  I  schools.  Over  Iwo-fifths  of  the 
degrees  awarded  in  1988  were  made  by  this  type  of 
school.  By  broad  field,  over  half  of  engineering  (U^grees 
and  two-fifths  :)f  natural  science  degrees  v^vw  from 
research  1  schools.  In  tht^  social  scienct^s  and  psychol- 
ogy, on  the  otluM'  hand,  research  I  schools  accounted  for 
slightly  more  than  ()ne-c|uarter  of  degret^s:  comprehen- 
sive 1  schools  accountt^d  for  another  three-tenths. 

Doctorate  Level 

The  production  of  doctoral  degrec^s  is  coikhmi- 
trated  in  f(^wer  than  300  institutions.  Almost  70  perc(Mit 
of  these  schools  wer(*  research  or  doctorati^-Kninting 
institutions.  The  :500  doctorate-granting  institutions 
awarded  almost  2U){)()  S&K  degrec^s  in  1988. 

Regardless  of  SiKrK  field,  n^st^arch  1  schools  produce 
O  '  niajorilv  of  S&K  Ph.D.  recipients.  In  19(S8,  more  than 
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Comprehensive  II:  institutions  that  award  more 
than  half  of  their  baccalaureate  degrees  in  two  or  more 
occupational  or  professional  disciplines,  such  as  engi- 
neering or  business  administration,  and  may  also  offer 
graduate  education  through  the  masters  degree.  All  of 
the  Institutions  in  this  group  enroll  between  1,500  and 
2.500  students. 

Liberal  arts  I:  highly  selective  institutions  that  are 
primarily  undergraduate  colleges  that  award  more 
than  half  of  their  baccalaureate  degrees  in  arts  and  sci- 
ence fields. 

Liberal  arts  II:  primarily  undergraduate  colleges  that 
are  less  selective  and  award  more  than  half  their  degrees 
in  liberal  arts  fields.  This  category  includes  a  group  of 
colleges  that  award  fewer  than  half  their  degrees  in  liber- 
al arts  fields  but.  with  fewer  than  1.500  students,  are  too 
small  to  be  considered  comprehensive. 

Two-year  community,  junior,  and  technical  coh 
leges:  institutions  that  offer  certificate  or  degree  pro- 
grams through  the  associate  degree  level  and.  with 
few  exceptions,  offer  no  baccalaureate  degrees. 

Professional  schools  and  other  specialized 
Institutions:  institutions  that  offer  degrees  ranging 
from  the  bachelors  to  the  doctorate.  At  least  half  of  the 
degrees  awarded  by  these  institutions  are  in  a  single 
specialized  field.  These  institutions  include  theological 
seminaries,  bible  colleges,  and  other  institutions  offer- 
ing degrees  in  religion;  medical  schools  and  centers; 
other  separate  health  profession  schools;  law  schools; 
engineering  and  technologj'  schools;  business  and  man- 
agement schools;  schools  of  art.  music,  and  design; 
teachers  colleges;  and  corporatesponsored  institutions. 


two-thirds  of  natural  science  doctorates  and  almost 
three-quarters  of  engineering  doctoratc^s  w(MV  confiM'red 
by  research  I  institutions.  Similarly,  these  schools 
accounted  for  over  half  of  all  social  science  and  i)sychol- 
ogy  doctorates  awarded. 

Baccalaureate  Institutions  Attended  by  S&E 
Doctorate  Recipients' 

Recent  ScKiK  doctoratt^  recipients  cited  approximately 
1.400  r.S.  colleges  and  universities  as  the  sources  of 
tluMr  und(M*graduat(^  degnvs.  Using  tin*  Carnegie  classi- 
fication to  (^xamine  the  tyi)(*s  of  source  institutions 
indicates  thai  these  are  concentrated  in  two  major 

litis  M'clioti  explores  ihc  biicciilniircjitc  oiunn  insliliiljoiis  lor  dorlor- 
jilc-holdcrs  who  received  dieii*  S\-I'',  I'h.D.  de.i^rees  in  acjuleniie  years 
li)S."V!K).  C'oliorls  were  eonibined  (o  ensure  an  adefiiiale  iinnibei'  ol' cases 
tor  analysis.  Dala  in  this  seolion  are  troni  SkS  dorllu'omiiiK  WD- 


48 


Chapter  2.  Higher  Education  in  Science  and  Engineering 


calcKories.  These  .  ate^ories — researcli  and  doctorate- 
KraiitiiiK  iiistiUitioiis — accounted  for  about  two-thirds  of 
the  baccalaureate  detjrees  awarded  to  new  doctorate 
recipients;  interestiiiKly,  toK^^ther  they  represented  only 
about  15  percent  of  the  1,400  schools. 

Type  of  institution  varied  somewhat  by  field.  For 
example,  roughly  half  of  the  individuals  who  held  Ph.D. 
degrees  in  either  the  computer  sciences,  agricultural  sci- 
ence, or  engineering  received  their  bachelors  degrees  at 
a  research  university.  Among  psychology  and  social 
science  Ph.D.  recipients,  on  the  other  hand,  about  one- 
*   third  earned  baccalaureates  from  these  schools. 

Although  research  and  other  doctorate-granting 
schools  are  the  primaiy  S&E  baccalaureate  origin  insti- 
tutions of  recent  S&P^  Ph.D.  recipients,  non-doctorate- 
granting  institutions  are  also  significant,  yor  example, 
about  one-fifth  of  new  Ph.D.  recipients  earned  their 
undei'graduate  degrees  from  cc.npreheiisiv(*  institutions. 
These  schools  were  especially  prominent  as  institutional 
origins  for  Ph.D.  recipients  in  the  physical,  biological, 
and  social  sciences  and  psychology,  hi  addition,  liberal 
arts  colleges  served  as  the  baccalaureate*  origin  institu- 
tions for  14  percent  of  new  doctorate  recipients. 

Undergraduate 
S&E  Student  Population 

Recent  Trends  in  College  Enrollments' 

The  composition  of  the  undergraduate  student  body 
as  a  whole  has  changed  markedly  over  the  last  25  years, 
hicreasingly  over  this  period,  higher  fractions  of  under- 
graduates were 

•  Olden 

•  Female. 

•  Attending  school  pail  time. 

•  Attending  2-year  institutions,  and/or 

•  Returning  to  school  after  an  interruption  hi  their 
studies. 

IxU'ger  fractions  of  these  students  contributed  heavily 
to  the  unexpectedly  high  increases  in  undergraduate 
enrollment  over  the  last  decade.  Many  of  these  students, 
however,  are  less  prone  to  earn  bachelors  degrees  in 
S&K  fields.  Consequently.  S&K  degree  production  did 
not  keep  pace  with  growth  in  overall  enrollment.  Factors 
in  this  growth  are  described  below. 

In  the  last  two  decades,  undergraduate  enrollment 
grew  considerably  faster  than  did  the  traditional  under- 
graduate age  group  (IH-  to  21-y(*ar-olds).  Concurrent 
with  the  decline  in  this  group  was  an  incrt^ased  demand 
for  higher  education  by  all  age  groups.  Hie  perceiUage  of 


Tlii^  sirti(»n  (li^iniss«'s  trtiuls  in  uiulcaTmlujiU'  cnrtilliiu'iUs  overall, 
m\  jusi  in  SiJcK  proMrnins. 


18-  to  24-year-()lds  enrolled  as  undei'graduates  rose  from 
about  24  percent  in  the  late  seventies  to  28  perc(Mit  in 
1989.  For  25-  to  44-year-()lds,  the  increase  was  propor- 
tional to  that  of  the  younger  group,  rising  from  4.5  per- 
cent to  5.3  percent. 

Women  are  participating  in  postsecondary  education 
in  much  greater  numbers.  Ry  1988,  they  comprised  a 
greater  share  of  undergraduate  enrollment  than  they  did 
of  high  school  graduates:  54  p(Mvent  versus  51  percent. 
1  wenty  years  earlier,  these  percentages  were  42  and  51. 
respectively. 

Part-time  enrollment  in  undergraduate  programs  rose 
significantly  between  1979  and  1989.  More  than  two- 
fifths  of  undergraduate  students  were  enrolled  on  a  part- 
time  basis,  up  from  about  one-quarter.  This  increase 
reflects  three  trends:  (1)  a  rising  tendency  among  older 
women  to  return  to  college  after  dropping  out  to  start 
families  and/or  work  full  time,  (2)  an  increase  in  2-year 
colh^ge  em'ollments,  and  (I^)  an  increase  in  students  who 
either  delay  entry  to  college  or  extend  the  period  of  their 
studies  past  the  traditional  4  years. 

Concomitant  with  growth  in  part-time  em*ollments  is 
gr(jwth  in  2-year  college  enrollments.  More  than  half  of 
the  increase  in  undergraduate  students  was  accounted 
fo/  in  2-year  institutions,  hi  addition,  the  share  of  all 
undergraduates  who  were  enrolled  part  time  in  2'year 
schools  rose  from  11  to  27  percent.  Female  part-time  stu- 
dents accounted  for  two-thirds  of  the  increase,  hi  1989, 
females  accounted  for  16  percent  of  part-time  students  at 
2-year  institutions,  up  from  5  percent  in  19H7.  The 
increase  in  2-year  college  enrollments  of  women  reflects 
many  factors,  including  the  relative  affordability  of  2-year 
institutions  and  the  larger  number  of  evening  classes 
offered  by  these  schools. 

Finally,  a  greater  number  of  students  appear  to  be 
either  returning  to  school  after  intcM'mpting  their  studies 
or  beginning  their  studies  sevei'al  years  after  graduating 
from  high  school.  An  indication  of  these  trends  is  that  the 
number  of  first-time  freshmen  at  4-year  universities  and 
colleges  remained  fairly  levt^l  over  the  last  two  decades, 
even  though  overall  enrollments  increased  dramatically. 

Characteristics  of  American  College  Freshmen 

This  section  explores  trends  in  the  following  selected 
characteristics  of  first-time  full-time  freshmen  enrolled  in 
4-year  universities  and  colleges  over  the  last  20  years: 


l);ita  in  tins  siH'tioii  arc  from  tli<'  Hij^luM*  I'.duration  Kfsfaivli 
Institute.  Tnivcrsity  of  Calilurnia  at  Los  An^'elcs.  the  American 
I'Veshnieti  Nonn  Sum'V.  unpublished  tabulations.  Note  tlial  altbou^'h 
llie  iiistilutional  population  lor  this  suivey  is  drawn  Iroin  all  "eli^'ible" 
institutions  oi  hi^'her  education  (i.e..  all  institutions  thai  wen*  operating 
at  till'  time  ol  Ihe  sum  y  and  had  a  fn'shinan  class  of  at  li-ast  ^f)  slu* 
(h'Uts)  listed  in  the  antuial  l\S.  Department  of  l{<lucation  Kduaition 
Dinrtory.  the  actual  samph'  is  seli  sehrted.  For  example,  ol  the 
elijrible  institutions  invited  to  participate'  in  tlu'  U)SM  survey.  r)^M) 
responded.  Any  biases  that  may  result  from  this  selection  process  are 
corrected  in  the  stratification  sclieme. 
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•  HiKli  school  Ki  ados, 

•  Paivnts  education  and  (occupations, 

•  PlaiiiK»d  majors, 

•  Planned  carci»rs,  and 

•  HiKlu»st  deKJVc  planned. 

High  School  Grades.  In  ihc  last  two  decades,  Ki'^ides 
reported  by  freshmen  who  intended  to  major  in  a  sci- 
ence or  enjjineerinK  field  leveled  off  after  an  initial 
increase.  Tor  example,  ihe  average  percentafj^*  citing 
their  hi^h  school  fji'ades  in  the  "mostly  A  or  A+"  ran^e 
rose  from  10  percent  in  1971  to  20  percent  in  1978  but 
remained  around  20  percent  through  1990.  Hie  percent- 
'd^v  of  S&K  students  showing  a  B  average  or  better  has 
been  about  80  percent  since  the  early  seventies.  In  com- 
|)aris()n,  over  most  of  the  last  two  decades,  the  distribu- 
tion of  Ki'ades  reported  by  h'eshiiien  majoring  in  non- 
Sc^K  fields  was  about  10  percent  in  the  A  ran«;e  and 
about  70  percent  in  the  B  or  bett(M'  category. 

Parents'  Education  and  Occupations.  Between 
1971  and  1990,  there  was  a  steady  increase  in  the  educa- 
tion levels  of  S&K  freshmen  s  parents.  For  example,  the 
fraction  of  fathers  who  held  bachelors  decrees  rose  from 
22  to  23  percent,  while  the  proportion  of  mothers  who 
had  earned  these  decrees  increased  from  18  to  per- 
cent. In  addition,  the  proportion  of  fathers  who  held 
graduate  degrees  rose  from  percent  to  24  percent;  for 
mothers,  the  increase  was  from  4  to  percent. 

Reffarding  parental  occupations  reported  by 
ftvshmen,  virtually  no  change  was  evident  between  1971 
and  1990  in  the  distribution  of  fathers'  occupations. 
'Hiere  was,  however,  a  shift  in  tlu»  fraction  who  reported 
that  their  mothers  held  professional  jobs.  While  the  pro- 
portior  of  mothers  who  worked  as  skilled  or  semi-skilled 
operatives  remained  steady  at  5  percent  throughout  this 
period,  the  proportion  working  as  lawyers,  health  profes- 
sionals, teachers,  and  ck  rgj'  rose  from  12  percent  to  23 
percent.  Mothers'  representation  in  business  occupa- 
tions also  increased,  rising  from  5  to  14  percent. 

Planned  Majors.^  The  most  notable  changes  in  the 
planned  S&I']  majors  of  college  freshmen  over  the  last 
two  decad(*s  were  in  the  fields  of  enginefTing,  the  com- 
puter sciences,  and  the  social  sciences.  Interest  in  engi- 
neering as  a  probable  major  peakt*(l  in  the  early  eighties, 
declined,  and  began  to  rise  again  at  the  end  of  the 
decade.  Interest  in  the  computer  sciences  also  peaked  in 
the  early  eighties  but  has  not  showii  any  recovery.  In  con- 
trast, majors  in  the  social  sciences  have  increased  stead- 
ily after  a  two-decadt*  low  in  1983.  {See  figure  2-2  for  a 
more  complete  picture  of  the  changes  in  distribution  of 
fr(*shmen  s  planned  S<!v:K  majors.)  Much  of  the  rise  in  stu- 
dents planning  to  major  in  the  social  scitMices  and  psy- 
chology is  attributable  to  female  freshmen.  In  1990  about 


r)r)  percent  of  female  Sc^F  freshmen  chose  these  fields  of 
study,  up  fi'om  \\9  percent  in  the  early  eighties. 

Kxaniining  intended  majors  by  racial/ethnic  group 
reveals  that  members  of  those*  minorities  that  are  under- 
represented  in  St!v:K — blacks.  Native  Americans,  and 
Hispanics — are  less  likely  to  choose  an  Sc^K  field  than  are 
other  grt)U()s.  In  1990,  about  one-third  of  blacks,  Nativ(» 
Americans,  and  Hispanics  planned  to  major  in  an  Sc^K 
field,  while  over  two-fifths  of  Asian  freshmen  did  so.  By 
field,  underrepresented  minorities  are  more  apt  to  choose 
social  science  or  psychology  fields;  Asians  are  more 
inclined  toward  the  physical  sciences  and  engineering. 

Planned  Careers.  In  1990.  engineering  was  the  i)rob- 
able  career  chosen  by  the  largest  fraction  of  fi'eshmen 
planning  an  S&K  major  (28  percent),  hiw  (10  percent) 
and  scientific  research  (0  percent)  were  the  next  most 
frequently  cited  occupations.  (See  figure  2-3.)  Since 
1970,  the  proportions  of  Sc^B  freshiiKMi  choosing  these 
three  careers  have  differed  substantially.  VVhilt*  the  frac- 
tion choosing  law  practically  doubled  over  the  20-year 
period,  interest  in  scientific  research  careers  dropped  by 
a  third.  Interest  in  engineering  careers,  on  the  other 
hand,  followed  a  pattern  similar  to  those  of  freshman 
intentions  and  baccalaureate  production  in  the  field: 
Interest  peaked  in  the  early  eighties,  declined,  and 
began  to  rise  again  in  the  latter  part  of  the  decade. 


Figure  2-2. 

Intended  science  and  engineering  majors 
of  American  freshmen 
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DiffereiKTS  in  caiwr  |)laiis  (mium'kc  wIumi  exaniiiit^d  by 
Kon(l(*r.  For  example,  40  ptMVtMit  of  male  freshnien 
chose  eiiKineerinK;  another  fi  ;H»rceiit  planned  a  com- 
puter  proKranimiiiK  career.  Am()n^^  female  fnshnien,  the 
proportions  citing  these  career  choices  were  about  11^ 
and  4  percent,  respectively.  Females  were  more  inclined 
toward  careers  in  psychology  or  social  work  than  males 
(18  percent  versus  2  percent).  Females  w(»re  also  imnv 
likely  to  be  undecided  about  their  career  plans  than 
males  (11  versus?  percent). 

Highest  Degree  Planned,  hiterest  in  earning  ad- 
vanced decrees  edged  upward  among  Sl^K  freshmen 
over  the  last  two  decades.  For  exam|)le,  the  fraction  plan- 
ning to  earn  a  Ph.D.  increased  from  19  percent  in  the 
early  seventies  to  2r)  percent  in  1990.  In  contrast,  those 
who  cited  the  baccalaureate  as  their  highest  degret^ 
planned  fell  from  :^1  to  19  perc(Uit,  'Iliis  geiu»ral  pattern  of 
degree  plans  also  existed  among  freshmen  choosing  non- 
S&K  majoi-s.  although  the  largest  increase  for  thos(»  stu- 
dents was  in  the  proportion  planning  to  earn  a  masters 
degree:  29  percent  in  1971  to  42  percent  in  1990. 

Engineering  Enrollments 

In  most  fields,  especially  the  sciences,  students  are 
not  required  to  declare  their  majors  until  the  second  or 
third  year.  Exceptions  to  this  general  rule  are  engineer- 
ing and  engineering  technologies.  Undergraduate  pro- 
grams in  these  fields  are  often  professional  curricula  that 
start  in  the  first  year.  Surveys  by  the  Kngineering 


Figure  2-3. 

Probable  careers  of  American  freshmen  in  1990 
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Mani)()wer  C()ininissif)n  provide  trend  data  on  full-  and 
part-time  engineering  and  engineering  technology 
enrollments  in  both  baccalaureate  and  2-year  programs.' 
Data  on  first-year  enrollments  in  these  fields  provide 
early  indicators  of  future  degree  production  patterns  as 
w(»ll  as  changes  in  student  preferences  toward»engineer- 
ing  study. 

Full-time  enrollments  in  engineering  programs  rose 
from  the  late  seventies  until  the  early  eighties  and  then 
f(^l!  sharply.  In  the  fall  of  1989.  the  nunibiM'  of  freshnien 
enrolled  in  full-time  engineering  programs  was  about 
9r),()()(),  down  from  a  high  of  more  than  lir),()()()  during 
1981  and  1982.  {See  figure  2-4.)  Fluctuations  in  part-time 
enrollments  indicate  no  consistent  trend  over  the  decade. 

Trends  in  engiiu  ering  technology  programs  mirror 
those  in  engineering.  First-year  enrollments  dropped 
after  the  early  eighties,  although  these  numbers  appar- 
ently stabilized  in  the  latter  part  of  the  eighties.  Com- 
parativ(^ly,  part-time  (enrollment  in  technoloj-TV  pi^ograms 
has  been  increasing  during  the  last  several  years. 

S&E  Baccalaureate  Production^ 

Sc>eK  bachelors  degree  production  fluctuated  during 
the  198()s.  The  number  of  ScKrK  bachelors  degrees 
awarded  each  year  increased  until  about  1986.  fell 
sharply  in  1987  and  1988.  and  leveled  off  in  1989.  Despite 
these  fluctuations,  people  earning  S&K  baccalaureates 
accounted  for  increasingly  larger  fractions  of  the  general 
population,  rising  from  68  per  thousand  22-year-olds  in 
1980  to  84  in  1989. 

In  1989.  almost  S()8.()()()  bachelors  degret^s  were  award- 
(*(1  in  Se^K  fu*l(ls:  these  repres(»nted  about  SO  ptMrent  of  all 
(legr(*es  granted  in  ihc  United  States.  Although  ihc  trend 
in  overall  Se^F  degret^  production  vari(»d  considerably, 
S&V.  degrees  as  a  fraction  of  total  depves  did  not  change 
markt*(lly  over  tin*  (U^cade. 

Annual  growth  rates  of  bachelors  (:  agrees  within  major 
SikK  fields  differed  widely  over  the  decade*.  {See  figure 
2-5  and  figurt^  0-15  in  Ovei-vit^w.)  Between  1980  and  1989. 
the  numbers  of  d(*grees  awarded  in  die  physical,  environ- 
mental, and  life  sciences  all  declined:  in  contrast,  comput- 
er science  baccalaureates  rost*  drama  ically. 

ShorttM'  term  growth  raters  reveal  a  somewhat  differ- 
ent picture,  hi  the  latter  part  of  th;»  eighties,  1985-89. 
degree  production  increased  in  the  social  sciences  and 
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Data  arc  iVom  l-inKiiu'criiu;  Manpower  Coiiiiiiission  (19!)0).  l!n 
rolliiiciil  (lala  ari'  collcrlcd  on  cnK'nuM'rln.i:  i)n)Kraiiis  ap|)ri)V<'(l  hy  \hr 
\i\rv(\[U\um  Hoard  ol  MnKinccrin^:  and  IVrhnoln^'v.  I'pon  ^uri*i»ssfiil 
i'oini)h'ti(in  jjI  an  engineering'  |)roKi'ain.  a  stiidenl  receives  a  haiiu'lors 
(le.i^M'ee  or.  in  Hie  ease  of  a  .^ycar  pn^i^rani.  an  eni^ini-eriiiK  professional 
de.trree.  l  in^nneerinK  lechiioloKy  pro^nniis  iwv  usually  2-year  pro^'ratns 
leruiinaliiiK  in  an  ass(»eiale  de^n'e.  s(Miie  leohiKdo^y  pro^rrains,  liow- 
eviM".  do  olTer  1  year  programs  (d  sludy. 

Dala  lor  bachelors  decrees  in  SX  K  in  this  seelion  are  Ironi  the 
National  Center  lor  liducatiou  Statisties's  Ainiual  Survey  til  r.artu'd 
De^Mces;  the  data  have  heeil  adaiMed  to  National  Snence  Foundalion 
field  dassiliealions.  See  SRS  (UHU). 
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psycholo^^  bill  declined  in  virUially  all  major  natural  sci- 
ence fi(»lds  and  en^inecMinK. 

In  1989.  about  four-fifths  of  the  S(S:I{  baccalaureate* 
decrees  awarded  were  in  sci(Mic(»  ll(»lds  (24(),()()())  and 
one-fifth  in  en^ineerinj^  (67,()()()).  In  the  sciences,  the 
larK(»st  fractions  of  dejirees  were  in  the  social  sci(Mic(»s 
{:51  percent),  life  sciences  {22  percent),  and  psychology 
(20  percent). 

UsiuK  data  on  probable  major  field  of  study  rei)ort(Hl 
by  incoming'  freshmen  as  a  barometer  of  future  (l(»jiree 
production  patterns  indicates  that  current  field  trends 
may  not  continue.'  hiterc^st  in  the  social  sciences  as  a 
major  field  of  study  peaked  in  1988,  stemming  an 
increase  that  bejjan  in  1982.  On  the  other  hand,  intert^sl 
in  en,t;ineerin}i,  which  was  on  the  decline,  be^^an  to  rise. 
For  a  more  detailed  discussion  of  the  relationship 
b(»tw^een  bachelors  de^M'ee  production  and  the  intends  d 
majors  of  American  freshmen,  see  "Relationship 
lietween  S&K  Baccalaureate  Production  and  iTeshman 
hUentions,"  p.  52. 

Degrees  by  Gender.  The  numbtM-  of  women  earning 
bachelors  decrees  in  Sc'CrK  fi(»lds  increased  throughout 
the  198()s.  This  increase,  coupled  with  a  decline  in  S&K 
decree  production  amon^^  men  since  1987,  resulted  in  a 


Dalii  arr  Iroin  llu*  HiulnT  r.diiaiiion  Krsi'juvli  Insiiiulr.  ruivcrsily 
(0  Calilornia  at  I.us  An),^'los.  liu-  AiiKM*ican  Kivslinini  Norm  Siiiwy. 
iininiblisliod  tabiilalions. 


Figure  2-4. 

Undergraduate  enrollment  trends  for  engineering 
and  engineering  technology  programs 
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Figure  2-5. 

Annual  change  in  science  and  engineering 
baccalaureates,  by  field:  1980-89 
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rise  in  llu»  rt^presoiilatioii  of  female  de^M'ee-hoIders — 
from  36  to  40  percent  between  1980  and  1989.  Women 
account  for  hli^hw  shares  of  science  than  en^niieerinK 
de^n'ees.  For  instance,  in  1989,  over  70  percent  of 
psycholojiy  baccalaureates  and  more  than  40  percent  of 
ihos'/  in  mathematics,  the  life  sciences,  and  the  social 
sciences  were  awarded  to  women.  In  contrast,  rou^dily 
1!5  percent  of  1989  enjiineerin^'  jiraduales  were  female. 

AllhouKh  wom(»n  made  ^^ains  in  all  S^JcK  fields  between 
1980  and  1989.  the  number  earning'  de^nves  in  some  dis- 
ciplines b(»Kan  to  fall  at  th(*  end  of  the  decade,  hi  fad, 
from  1988  to  1989,  the  Sc^K  baccalaureates  eanu^l  by 
women  declined  in  all  fields  except  psychology  and  tin* 
social  sciences.  The  lar^^esl  declines  \w\v  in  the  comput- 
er scienc(*s  and  engineering.  Degrees  earned  by  males 
experienced  similar  declines  over  the  2-year  period. 

Degrees  by  Racial/Ethnic  Group.^  In  1989.  almost 
:M.000— 10  percent— Sc^K  bachelors  d(^grees  were 
granted  to  undern^presenled  minorities  (blacks,  Native 
Americans,  and  Hispanics).  In  1979,  this  number  was 
about  :^(M)00  (9  percent  of  total  degrees).  Although  the 
number  of  degrees  granlcul  to  und(M*represent(*d  minori- 
ti(^s  in  g(MUM'al  increased  from  1979  to  1989,  the  numb(»r 
awardt^d  to  blacks  changed  ver\^  little,  falling  from  18,700 
in  1979  to  18,400  in  1989.  The  rapid  increases  in  engi- 
neering and  computer  science  degre(*s  earned  by  blacks 
over  this  ptM'iod  were  countered  by  substantial  declines 
in  di^gree  production  in  the  life  and  social  sciences  and 
psychology. 


S\l',  (Ic^Mwr  (|;iUi  by  racinl/i'lluiic  ^vuU])  iii'c  lor  l*.S,  riti/ciis  miuI 
IHTitiaiU'iil  rcsiilciils. 
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Relationship  Between  S&E  Baccalaureate 
Production  and  Freshman  Intentions.  This  st  ciion 
discussi^s  antifipatiMl  trends  in  de^nvt^  conferrals  in  vari- 
ous under^jradiiate  majors,  a  topic  of  interest  for  public 
policyniaktM's  and  university  officials.  The  discussion 
relies  on  intended  majors  re|)orted  by  American  first- 
time  full-time  freshmen;  such  data  |)resaKe  trends  in  sub- 
sequent bachelors  de^^ree  conferrals,  albeit  more  accu- 
rately in  some  fields  than  in  others.-* 

To  determine  the  relationshi|)  bdween  freshman  inten- 
tions and  baccahuueate  production  in  St^K,  the  actual  pro- 
portion of  all  bachelors  dej^rees  in  a  j^iven  field  was  com- 
pared to  the  proportion  of  first-time  full-time  freshmen  in 
4-year  institutions  who  indicated  this  field  as  their  proba- 
ble major.  A  3-year  laj^  time  was  found  to  best  reflect  the 
actual  laK  from  freshman  year  to  bachelors  dej^ree.'" 

As  shown  in  figure  'Mi  freshman  intentions  j^enerally 
provide  an  accurate*  predictor  of  de^yree  |)atterns  in  the 
natural  sciences  when  computer  science  is  excluded.'' 
The  less  accurate  "fit"  in  computer  sciences  may  be  attri- 
butable to  differences  in  the  characteristics  of  students 
who  choose  to  major  in  this  field.  Com|)Uter  science 
majors  tended  to  be  older  than  averaj^e:  it  is  thus  possi- 
ble that  a  lower  percentage  of  the  students  earninj^  these 
decrees  had  been  first-time  freshmen  4  years  earlier. 
Freshman  intentions  were  not  as  accurate  a  predictor  of 
absolute  decree  U»vels  in  enj^ineerinj^  and  the  behavioral 
sciences,  althouj^h  they  did  sei've  as  fairly  successful 
leading  indicators  ol  trends. 

Data  on  the  actual  number  of  bachelors  dej^rees 
awarded  are  only  available  throuj^h  WW.  llsinj^  a  ;U'ear 
laj^,  these  data  can  be  used  to  suj^j^^'st  future  patterns  in 
bachelors  decrees  throuj^h  1994.  This  data  projection 
suKKt*sts  that  the  lonj^-term  decline  in  the  proportion  of 
bachelors  decrees  awarded  in  the  natural  sciences 
should  bottom  out  in  1990  and  start  to  recover  in  1991.  It 
also  suKK^'sts  that  downturns  in  the  proportions  of  com- 
put(T  science  and  enj^ineerinj^  dej^n^es  will  bottom  out  in 
1991.  Finally,  the  increased  popularity  in  social  science 
and  psycholoj^y  may  peak  in  the  1991-91^  period. 

Graduate  S&E  Student  Population 
Recent  Trends  in  Graduate  Enrollments^ 

(iraduate  enrollment  in  SeK:!*!  fields  rose  steadily  at  a 
rate  of  almost  2  percent  per  year  throughout  the  eij^ht- 
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Datii  oil  rhoirc  ol  \m\ur  hy  Awwi  Wim  In'shiiicn  were  I'ollin-U'd  al  a 
ri'lalivi'ly  aK).'r(%Mi('  level  iruil  1977  ir.^.,  sorial  and  bcliavioial  sri- 
I'lio's)  and  siil)se(im'nlly  al  nmv  iWsa^^hxaW  li'^cls  ir.^.,  sul)llel(U  ol 
s<M'ial  and  l)eliavinral  si  iiMu*<s  siu'h  as  (ronoinirs.  polifu  al  si  iciirc. 
|)syrln)lo)^y,  sjjcinlo^n .  aiilliriipnlo^^^y,  and  social  work).  'I'his  analysis  is 
nHifincd  lo  (lata  on  Ircshnian  inlonlions  >iiu''.'  1977. 

It  iiii^^lU  hr  ('\|)(Hiod  that  inlftiliiMis  expressed  in  the  lir^l  lew 
wi'eks  i)\  the  Ireslinian  year  would  be  hesl  relleded  in  l)al1lelor*^ 
(h^Mci.  (Ijjui  of  1  ,,f  years  later  One  interpretation  ol  the  api)roi)riate- 
lU'ss  ol  llie  !>-year  is  thai  ilio^e  factors  that  inlliiciiec  Ircshnuii  also 
iiiHiiem-e  sjiphoiiu,;\  ,ind  most  students  do  nol  liavi'  to  cointnit  to  a 
nijiji)r  unlil  lln'ir  si»plionioro  year. 

'  Ill  j.^('iirral,  nuTelalioii  eoelTicieiits  lell  belweeii  0.97)  and  ().!)'/. 
'  Mala  pri'sented  in  lliis  section  arc  troni  the  National  Seit^nee 
I'oiindalioirs  Snrvi-y  i)l  (irailiiate  Science  and  Kn^^rineeriiiK  Students 
'1111(1  l*osldiieU)rales.  See  SKS  (lortheoniinK  ibj). 


ies.  By  1990,  enrollment  in  these  fields  stood  at  about 
4()1.()()0.  Much  of  the  ^M'owth  in  S(!vK  graduate  enroll- 
ments was  driven  by  laiw  increases  in  the  numbers  of 
women  and  non-U. S.  citizens  enterii\ii  these  programs. 
(See  **I\nrollments  by  (render,"  p.  5;^),  and  "Foreign 
Students  at  U.S.  Collejiesand  Universities."  p[).  5H-59.) 

Knrollments  in  en^mieerinfj  rose  much  faster  dian  in 
the  sciences.  Hetween  1980  and  1990,  en^Miieerinji 
enrollments  increased  at  an  annual  rate  of  more  than  ?) 
percent  compared  to  about  1  percent  in  the  sciences. 
Much  of  this  ^M'owth  in  en^dneerin^^  occurred  in  the  first 
half  of  the  (Mj^dities.  BtHween  19iS(i  and  1990,  the  annual 
^M'owth  rate  in  the  sciences  (1.8  percent)  exceeded  that 
in  en^Mneerin}^  (\.2  percent). 

Over  the  lon^Merm  period,  the  ouW  science  field  whose 
j^rowth  rate  suri)asse(l  diat  of  en^ineerin^^  was  the  com- 
puter sciences.  Annual  chan^n'  anions  t!ie  other  science 
fields  ranj^ed  fi'om  a  O.ii-pei'cent  (Undine  (social  sciences) 
to  a  2.4-percent  increase  (mathematics). 

In  1990,  the  science  fields  accounted  for  71^)  percent  of 
Sc^dC  enrollments,  down  from  77  percent  in  1980.  This 
chanj^e  was  a  result  of  the  rapid  increases  in  en^nneerin^^ 
'Hie  most  dramatic  proportional  shift  ovim*  the  decade  was 
the  drop  in  the  social  sciences.  About  one  in  four  graduate 
students  was  enrolled  in  social  science  |)ro^M'ams  in  1980; 
by  1990,  the  ratio  had  fallen  to  ft»wer  than  one  in  five. 


Figure  2-6. 

Freshmen  intentions  as  predictors  of  science 
and  engineering  bachelors  degrees 
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First-Year  FulhTime  Enrollments,  Slow  ^wth  in 
S&K  (Mirolliiunits  overall  may  be  partially  explained  by  the 
w\y  slow  growth  in  first-year  full-time  enrollments.  Tliese 
sludtMits  represented  about  28  percent  of  all  full-time  Sc^K 
graduate  students  in  1990,  down  from  32  ptM'cent  in  1982 
(the  earliest  year  for  which  comparable  data  are  avail- 
able). Between  1982  and  1990,  first-year  enrollments 
increased  at  only  about  half  the  annual  rate  of  total  full- 
time  enrollments:  1.0  percent  per  year  compared  to  2.1 
percent.  First-year  enrollments,  however,  be^an  to  turn 
shan)ly  upward  in  1989. 

Part-Time  Enrollments.  In  1990,  about  one  out  of 
(»very  three  gi'^iduate  S&K  students  was  enrolled  part 
time.  Since  1982,  these  (Mirollments— like  first-year  full- 
time  enrollments— have  been  increasiufj:  at  a  somewhat 
slower  rate  than  overall  enrollments:  1.4  percent  versus 
1.8  |H*rcent. 

Compared  to  K»*aduate  enrollment  overall,  part-time  stu- 
dents are  more  highly  concentrated  in  enKineeriuK,  the 
social  sciences,  and  the  computer  sciences,  lliese  fields 
accounted  U)V  32,  22,  and  13  percent  of  part-time  S&K  stu- 
dents, respectively.  Overall,  I'espective  shares  for  these 
fields  were  27  percent,  20  percent,  and  9  percent. 

Enrollments  by  Gender,  The  number  of  women 
enrolled  in  S&K  KJ'aduate  programs  rose  significantly 
from  about  94,8(X)  in  1980  to  almost  135,3(K)  in  \m\  By 
1990,  about  34  percent  of  graduate  S&K  students  were 
female,  compared  to  29  percent  in  1980.  Representation  of 
women  varied  by  field,  however.  (See  figure  2-7.)  The 
highest  increases  by  women  were  in  ^hose  S&K  fields  in 
which  they  historically  have  been  the  most  underrepre 
sented:  the  physical  sciences,  computer  sciences,  and 
engineering.  Annual  growth  rates  in  these  fields  were  5,  '\ 
and  8  percent,  respectively.  For  men,  respectiv(*  growth 
rates  in  these  fields  were  lower  than  2  percent,  9  percent, 
and  3  percent. 

In  contrast  to  the  rapid  growth  in  female  S&K  enroll- 
nuMit,  enrollnuMit  of  men  grew  veiy  slowly  overall  and 
dediniul  in  several  fields.  For  die  1980-90  period,  the  num- 
ber of  male  graduate  students  n^se  about  1  percent  per 
year;  the  number  of  females  rose  3  (XTcent  annually.  Hy 
Held,  dtrreases  in  tlie  numbtM*  of  men  pursuing  graduate 
work  occurred  in  the  environmental,  life,  and  social  sci- 
ences and  in  psychology. 

Enrollments  by  Racial/Ethnic  Group.^  ^  Hie  numbei* 
of  U.S.  citi/en  blacks,  Native  Anlerican^,  and  Hispanics  in 
S&K  graduate  programs  increased  from  20,900  in  1983 
(the  earliest  year  for  which  coniparabU*  data  are  avail- 
able) to  24,400  in  1990.  ITiis  change  represents  a  growth 
rate  slower  than  that  of  overall  enrollments  (1.4  percent 
versus  1.7  iXMvenO  but  faster  than  that  of  total  U.S.  citizens 
(0.8  percent)  'Proportionally,  these  groups  accounted  for 
about  8.2  pc     .  I  of  S&K  enrollments  of  U.S.  citizens  in 


•  Dijla  (Ml  S^^jK  Kraduatr  tMirolltncMil  l)y  lacinlA'tliiiic  ^roup  iwv  only 
availabli'  iov  I'.S.  ciliznis. 


Figure  2-7. 

Women  a$  a  percentage  of  science  and 
engineering  graduate  students:  1990 
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IIHH),  up  from  7.5  [KTCont  in  1983.  (irowth  patterns  diffeivd 
amon^^  n;  ial/ethnic  Kn)ups.  {See  figure  2-8.)  Among 
blacks,  for  instance,  enrollments  declined  until  the  mid- 
eighties  and  then  turned  upward;  enrollment  of  Hispanics 
rose  steadily  throughout  the  decade, 

Underrepresented  minorities  were  less  likely  to  be 
enrolled  in  engineering  than  the  sciences  compared  to 
other  racial/ethnic  groups.  In  1990,  14  percent  of  blacks 
and  19  percent  of  Hispanics  were  in  engineering  pro- 
grams, compared  to  22  percent  of  while  and  38  percent 
of  Asian  graduate  students.  Within  sci(Mice  fields,  blacks 
and  Hispanics  wvre  more  highly  concentrated  in  the 
social  sciences.  {See  appendix  table  2-11.) 

Masters  Degree  Production  in  S&E>^ 

More  than  Wi.()(K)  persons  earned  master:-  (U»gri»es  in 
S&K  fields  in  1989,  representing  about  21  percent  of  all 
iiiastei  s  degrees  awarded  in  the  United  Stal(»s.  'Hiis  pro- 
portion iiuMVased  from  18  percent  10  years  earlier.  In  tin* 
eighties.  S<S!l^  masters  degree  recipients  came  to  account 
for  a  larger  fraction  of  the  general  population,  hi  1989,  [hv 
number  of  S&K  masters  degree  recipients  per  thousand 
24-year-olds  was  1(\  up  from  13  in  1980. 

Annual  growth  in  S&K  masters  degree  awards  during 
the  eighties  w:i^  about  2  percent.  Hy  field,  the  rate  in 
engineering  {about  4  percent)  was  more  than  three 
times  that  registered  in  the  sciences  (1  percent).  Among 
science  fields,  degree  conferrals  in  the  computer 


^'Data  fi)!'  S\'i;  masUTs  (Ickhm's  iwv  Iroiii  tlu*  National  i'nWn  tor 
I'Mucaiioti  Stalistii  S s  Aiimial  Sui-vtv  ot  l-anu'd  Dr^rrt's;  the  data  havi' 
biMMi  adapted  to  National  St'irncc  l'\miidation  Held  dassificalions.  Stv 
SRS{UM)1). 
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Figure  2-8. 

Racial/ethnic  minority  enrollment  in  science 
and  engineering  graduate  programs 

Number  enrolled 
(in  thousands) 
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NOTE:  Data  are  for  U.S.  citizens  only. 
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scicMiccs  ex|)(M4(Mict»(l  tlu»  hij^hest  ^I'^wth  (10  percent  per 
year)  over  the  decade^  althouj^h  this  j^rowtli  slowed 
toward  the  end  of  tht»  dtvadc*.  For  example^  iVoiii  1988  to 
1^)89.  decrees  in  this  f\vk\  wt»rt»  up  less  than  percent.  In 
comparison,  K>'<)Wlh  in  scitMice  fields  that  had  been  slow 
throughout  most  of  th(»  decade  bej^an  to  turn  upward 
more  rapidly  by  tlu»  end  ol  the  eifjhties.  Vir  example 
between  1980  and  1989»  dej^rees  in  the  physical  sciences 
and  psycholoj^y  each  rose  at  an  annual  rate  of  about  1 
p(MV(*P  v)ver  tlu»  1988-89  period,  jjrowth  in  these  fields 
increa:  .1  4  perccMit  and  9  percent,  respectively. 

Hn^ineerinK  dej^ret^s  account  for  a  j^reater  percent- 
a^t*  of  th(»  deKnves  at  the  masters  level  than  at  th(*  doc- 
torate 1(»V(^1.  (See  fij^ure  2-9.)  In  1989.  masttM's  dej^rees 
in  en.i(in(^(»rinj^  rti)resented  about  ?A^  perctMit  of  all  Sikli 
mastiMs  dej^r(*(*s;  the  computer  sciences  representcul 
the  largest  portion  of  masters  dej^ree  awards  (14  per- 
cent) amonj^  the  science  fields. 

Degrees  by  Gender.  As  with  baccalaun^att*  produc- 
tion and  ^naduate  enrollment,  the  number  of 
womcMi  earning  masters  d(»^n"ees  rose  faster  than  nuMi. 
De^^rees  lor  woiikmi  inci*(^ased  at  an  annual  rat(»  of  ?>.7 
percent  p(»r  year  compared  to  a  1.2-percent  rate  for  men. 
In  1989,  about  'M  p(»rc(Mit  of  S<K:H  masters  dc^K^'^'t^s  were 
^rallied  to  wonu»n.  up  from  2()  percent  in  1980. 


WoPiien  vvtM't*  much  more*  lik(4y  than  men  to  earn  their 
d(»Ki'e^*s  in  sci(»nce  rather  than  (Mi^iiuuTinti.  They  were 
also  niorc*  concentrated  in  psychology  and  the  life  sci- 
ence's. For  example,  in  1989,  about  28  |)ercent  of 
women — c()mi)are(l  to  6  |)ercent  of  men — were  granted 
masters  de^rcvs  in  psycholofjy.  In  the  life  sciences,  the 
percenta^t^s  were  17  and  11,  respectively. 

Degrees  by  Racial/Ethnic  Group.^'  Almost  ?i,500 
S&F  masters  decrees — 7  percent  of  total— W(mv  earned 
by  blacks.  Native  Americans,  and  Hispanics  in  1989. 
Differences  in  growth  patterns  by  the  individual  minority 
Krouus  existed.  For  example,  between  1979  and  1989, 
the  number  of  blacks  earning  masters  de^nees  in  S6cF 
fell  from  2,000  to  fewer  than  1,700;  concurrently,  there 
was  a  steady  increase  anions  Hispanics,  whose  numbers 
Krew  from  1,000  to  about  l,(iOO. 

By  field,  about  4()  pcMvent  of  blacks  earned  tluMr 
de^nves  in  either  psych()k)Ky  or  the  social  sciences;  anoth- 
er 24  perciMit  earned  their  masters  decrees  in  engineering. 


'  Data  on  masters  dc^M'ccs  by  racial/ethnic  ^n'oiip  arc  lor  I'.S.  citi- 
xriis  and  permanent  rcsidc^nls  (Jiily. 


Figure  2-9. 

Science  and  engineering  masters  and  doctorate 
degrees,  by  field 

Environmental  sciences  -  3% 


66,000  masters  degrees  in  1989 


22,700  doctorate  degrees  in  1990 


See  appeMix  tables  2-14  and  2-16. 

Science  &  Engineering  indicators  -  1991 


ERIC 


Science  &  Engineering  Indicators  -1991 


lliese  (listributioiis  changed  substantially  diirinK  197^)-K9. 
For  iiistaiico.  in  1979.  about  62  ix^rceiit  of  blacks  vmm\ 
derives  in  psycboloKy  and  tlie  social  sciences,  and  \2  per- 
cent wei'e  granted  eiiKineerin^  decrees. 

Doctorate  Degree  Production  in  S&E^'^ 

The  rate  of  K^'owth  in  the  number  of  ScK:K  doctorates 
awarded  exceeded  that  of  total  doctorate  production 
between  1980  and  1990.  The  respective  annual  Kn)Wth 
rates  were  2.4  percent  and  1.4  percent,  hi  1990,  almost 
22J()0  S&K  doctorates  were  awarded,  represeiUinK  over 
three-fifths  of  total  doctorate  production  by  U.S.  univei'si- 
ties  and  colleges. 

As  at  the  baccalaureate  and  mast(M's  decree  levels, 
decrees  in  enfjineerinj^  rose  faster  over  the  decade  than 
those  in  the  sciences  (H  percent  versus  T)  percent).  ^lv:ch 
of  the  Ki'owth  in  enRineerinu  was  attributable  to  sij^mifi- 
cant  numbers  of  foreign  citizens  earning  these  decrees. 
(See  "Foreign  Students  at  U.S.  Colleges  and  Uni- 
versities/* pp.  58-59).  Doctorate  awards  in  eiiKineeriiiK 
were  up  about  6A  percent  per  yeai'  over  the  lO-year  peri- 
od: in  science  fields,  the  rate  was  2.4  percent.  Cirowth  in 
decree  production  accelerated  in  the  latter  half  of  the 
decade  for  both  en^iineerin^  and  science. 

\Mthin  science  fields,  decrees  in  the  computer  sci- 
ences showed  the  hij^hest  growth  v/ith  an  annual  rate  of 
11  percent.  The  next  highest  growth  rate  was  held  by 
the  physical  sciences  which  registered  a  3-percent  annu- 
al increase.  Degrees  psychology  and  the  social  sci- 
ences each  rose  fewer  than  0.5  percent  per  year  during 
the  10-year  period. 

Degrees  by  Gender.  In  1990,  about  28  percent  of 
S&F  doctorates  were  granted  to  women,  up  from  22  per- 
cent a  decade  earlier.  The  fastest  growing  fields  for 
women  were  the  computiM*  sciences  and  engineering. 
Despite  rapid  growth  in  these  fields,  however,  almost 
three-quarters  of  female  degree  recipients  earned 
degrees  in  psychology  and  the  life  and  social  sciences  in 
1990. 

Of  the  more  than  i:-5,0(K)  Ph.D.  degrees  earned  by 
women  in  1990,  almost  half  were  in  ScV:K;  of  th(^se  S^K 
doctorates,  almost  three-fifths  were  in  (Mther  the  life 
sciences  or  psychologv'.  Kngineeriiig  degrees  accounted 
for  7  percent  of  the  S&K  degrees  awarded  to  women. 
Men,  in  contrast,  were  much  more  likely  to  earn  their 
S&K  doctorates  in  engineering  (27  percent). 

Degrees  by  Racial/Ethnic  GroupS  The  numbtM*  of 
S&E  d()ct()rat(»s  awarded  to  underrepresented  minorities 
in  1990  was  81^1,  or  B  percent  of  all  ScV:F  doctorate^s.  Ten 
years  earli(M',  this  number  was  559,  or  4  percent  of  total. 
Virtually  all  of  this  growth  resulted  from  an  increase  in 


•itilnrnialion  nii  Si'C'i''.  (iocloralcs  j^raiilcd  in  llic  Tnili'd  Slates  aic 
from  \\\v  National  Scicmi'  i-oundation's  Suitcv  oI  i^ariK'd  DooloraUs. 
Sit  SKS  (f(Mthn)ininK  |a|). 

'  Data         I'.S.  cili^-ns  and  pi^nnancni  rcsidnils  only. 
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th(»  nuniber  of  Hispanics  earning  S(S:K  doctorates:  2V^  in 
1980  to  451  in  1990.  Among  blacks,  ScKrK  Ph.D.  awards 
r()S(^  from  r)19  to  340  ovei*  t'le  decade. 

Blacks  and  Hispanics  are  much  more  heavily  coikmmi- 
trated  in  the  sciences  than  in  engineering,  hi  1990,  near- 
ly 9  of  eveiy  10  S(S:K  doctoratc^s  learned  by  members  of 
these  groups  were  in  the  sciences.  The  largest  fractions 
of  these  science  degrees  were  in  psychology  and  the 
social  sciences. 

Time  to  Degree.^""  The  number  of  S<S:K  graduate  stu- 
dents depends  partly  on  the  time  it  takes  doctoral  stu- 
d(Mits  to  complete  their  Ph.D.  degrees.  Time  to  degree 
also  influences  students'  decisions  to  enter  and  complete 
doctoral  training.  Poi'  people  who  received  both  bac- 
calaureate and  doctoral  degrees  from  U.S.  institutions, 
the  average  elapsed  time  between  the  dates  of  their 
bachelors  and  doctorate  degrees  increased  unevenly  in 
10  of  11  SiSrK  fields  during  the  1981-89  period.  (Sec*  fig- 
un»  2-10.)  The  time  gap  between  degrees  continued  to 
grow  in  7  of  these  11  fields  over  the  last  [\  years  of  that 
period.  iM'om  1974  to  1981,  only  the  social  and  behavioral 
science  fields  showed  increases  in  elapsed  time,  but  dur- 
ing 1968-74  all  fields  experienced  a  sharp  upward  ris(* 
averaging  O.i  years.  For  all  S&E  fields  combined,  aver- 
ag(*  time  to  degree  rost*  by  1.(3  years  during  1974-89;  con- 
currently, time  enrolled  in  graduate  school  rose  by  1.1 
years. 

A  1989  National  Science  Foundation  (NSF)  study  found 
that  this  rise  in  lag  time  for  S&E  d()ctorat(*  awards  was  )wt 
the  result  of  factors  usually  associated  with  such  a  rise— 
i.e.,  reduced  financial  aid  (particularly  fellowships),  mari- 
tal status,  quality  of  the  doctorate-granting  institution,  and 
gender. Nor  did  changes  in  the  aggregate  tendency  to 
switch  fields  after  the  bachelors  or  masters  degree,  switch 
institutions,  or  acquire  a  masters  degree  explain  these 
increases.  Although  many  of  these  factors  were  found  to 
be  important  influences  on  an  individuals  time  to  degree, 
tluMr  aggregate  influence  was  minor. 

histead,  the  study  found  that  changes  in  the  real  vaku* 
of  starting  salaries  for  doctorate-holders  and  the  ptMVent- 
age  of  new  doctorate  recipients  taking  postdoctoral  posi- 
tions were  highly  correlated  with  the  increased  average 
time  to  degree.  The  percentage  taking  postdoctoral 
appointments  rose  from  21  to  48  during  the  19(i8-84  per- 
iod. This  finding  does  not  mean,  however,  that  postdoc- 
toral appointments  were  the  direct  source*  of  increased 
time  to  degree,  but  rather  that  the  rising  fi'action  taking 
these  appointments  reprt^sents  a  reduced  inciMitive  for 
all  doctoral  students  to  complete  their  degree  work 
aggressively. 

'  "Time  to  (k'Ki't'^**'     the  ti'rn)  nsi'd  in  SHC  Tlir  atnuially 

n'prcsontalivc  litnc  to  d(%MTr  has  been  rali'ulalcd  both  as  a  median 
as  an  avoraK^'-  Si'c.  lor  cxaniplc,  I^ow(M1  and  Sosa  (11)8!))  and 
Ncradand  Cerny  ( 

'  The  study  rovcn'd  hs  i.ooo  nvw  Si^Crl-:  Ili.i).  rcripiiMils  (the  tnajority 
nl  \\\v  new  doctorates  awarded  Irofn  U)^)^^  In  H).S7  in  si'ven  SM".  Iields). 
SeeI%\(l!H)()).pp.  22V-:e 
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Figure  2-10. 

Trends  in  elapsed  time  from  bactielors  to  Pli.D. 
degrees,  for  selected  fields 

Elapsed  time  in  years. 
3-year  average 
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Aiu)tlu»r  factor  was  also  rcmitly  identified  as  a  (k^llnite 
source  of  the  ine^^ease  in  time  to  de^^ree,-"  Studies  hixvc 
found  that  if  the  number  of  ^M'aduate  students  entering 
doctoral  programs  dtrlines  for  a  period  of  time — whidi 
has  been  the  case  in  several  S&K  fields — [hv  evtM^ual 
conseciuenee  of  this  decliiu*  is  to  iiv/rease  the  perctMitage 
of  "slow  finii^hers'*  among  future  Ph.  ).  graduating  classes. 
IIk*  proportion  of  Ph.D.  recipients  in  the  }U)cial  and  behav- 
ioral sciences  who  reciuired  10  or  m')re  years  of  elapsed 
time  to  finish  their  doctorates  rose  fr'om  li^)  perciMit  in 
1974  to  (>()  percent  in  1989;  this  proportion  lUMnained  at  2^^ 
percent  in  engineering,  chemistiy.  and  physics, 

Si^veral  fields  experiencing  increases  in  time  to  degree 
during,  1974-8i  also  experienced  larg(*  declines  in  the 
(approximate)  percentages  of  baclK^ors  rtvipients  who 
were  compltliiig  doctoral  work.  In  these  fields,  these 
declining  percentages  indicalt*  that  lu^w  students  may 
have  been  discouraged  about  pursuing  further  study, 
especially  those  who  had  the  bulk  of  tlu^r  time  invest- 
ment ahead  of  them.  Sinc(^  the  (»arly  eighties,  howc^ver* 
there  has  hvvn  no  lurtluM'  tendiMicy  lor  doctorate  awards 
to  d(»cline  as  a  percentage*  of  baelu  lors  degnu'  prochic- 
tion  in  eight  of  the  nine  fields  shown.  (vSe(»  llgup*  L^-U.) 


Major  Sources  of  Financial  Support 

hulicators  of  the  health  of  undergraduate  and  gradu- 
ate education  are  changes  in  patterns  of  support  from 
K(*deral  and  other  sources^  the  choices  available  among 
mechanisms  of  support,  and — at  the  graduate*  level — in 
the  number  of  Federal  agiMicies  that  provide  graduate* 
vS&K  student  support.  These  indicators  aiv  described  in 
the  following  paragi*aphs. 

Financial  Support  Reported  by  College 
Freshmen'^ 

During  the  eighties.  American  freshmen  relied 
increasingly  on  their  parents  or  other  relatives  for  financ- 
ing their  education,  hi  1990.  more  tlian  three-fifths  of 
freshmen  who  planned  to  major  in  an  SHiK  field  reported 
receiving  $1.!500  or  more  from  these  sources,  up  from 
fewer  than  two-fifths  in  1980,"'  Tliis  trend  was  also  evi- 
dent among  fiTshmen  planning  to  major  in  non-S^cK 
fields:  The  number  of  students  reporting  reliance  on  this 
source  of  suppoil  rose  from  39  to  61  percent. 


'M)ala  ill  this  siH'lion  aiv  Ironi  llu*  Ili^luT  I'iducaliuii  Ri'scarcli 
hisliluti'.  riiiviTsity  of  Calilornia  al  l.us  Aii^'i'li's,  llu*  AnuTicati 
ImvsIuiumi  Norm  Siirvi'v,  inipul)lislu'(l  labulalit)iis. 

■'Noll'  llial  llu'  8Kr)()0  lowiT  liniil  used  in  llu'  AiiuTicaii  rrcslniu'n 
Norm  SiiiTi'V  lias  not  bcrii  adjiisicd  lor  iiillalioii,  hi  coiistanl  UHH)  dol- 
lars, this  Sl.fiOO  in  UlilO  rrprisfntod  about  S-UO  in  U)7(). 


Figure  2-11. 

Ratio  of  Ph.D.  awards  to  bachelors  degrees  lagged 
by  average  time  to  degree 


Tills  dist'ovi-ry  was  madi*  bolli  wiiliiii  NSK  and  by  liowcii  and  Sosa 
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NOTE:  Time  to  degree  by  field  and  year  as  shown  in  (igure  2-10. 
See  appendix  table  2-19.    Science  &  Engirwering  Indicators  -  Wyi 
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Two  other  sources  that  nvvw  in  iniporlaiia'  over  tlie 
decade  were  sliideiUs*  personal  savin^^  (7  percent  to 
more  than  17  percent)  and  eolle^e  ^nints  and  scholar- 
ships (7  percent  lo  almost  19  luMVent).  ThrouKlHUit  tlie 
decade,  the  fraction  tliat  reported  Federal  loans  as  a 
source  of  UnaiicinK  remained  al)out  the  same.  Around  18 
percent  of  American  freshmen  reported  receiving  at  least 
Sl.r)()()  from  either  IVderal  guaranteed  student  loans  or 
national  direct  student  loans  in  both  1980  and  1990. 

Support  of  S&E  Graduate  Students 

(Graduate  students  arc  less  likely  than  undergraduate 
students  to  finance  the  largest  fractions  of  their  educa- 
tion from  personal  or  family  I'esources.  rVderal  and  insti- 
tutional sources  play  a  much  more  promineiU  role  in 
financing  dieir  studies. 

Sources  of  Support  Three  l)i*oad  categories  of  sup- 
l)ort  represent  the  majority  of  the  reported  funding 
sources  for  graduate  S&I]  students: 

•  Federal  sources. 

•  Non-Federal  sources  such  as  acadciuic  institutions 
and  private  industry,  and 

•  Self-support. 

Of  these.  non-Federal  sources  of  support  increased  most 
rapidly,  reKisteriiiK  iin  annual  rate  of  about  :>  percent, 
during  the  198()s.  (See  figure  2-12.)  For  comparison, 
total  full-time  S<!(:K  graduate  enrollmeiU  increased  al)out 
2  percent  per  year  between  1980  and  1990.  (See 
aijpendix  table  2-20.)  Increased  support  from  non- 
Federal  sources  played  the  most  crucial  role  in  enfjinecr- 
iuK  and  the  computer  sciences. 

Federal  support  of  graduate  S^^L-F  students  declined 
somewhat  during  the  early  eighties  but  turned  strongly 
upward  by  mid-decade  for  some  fields.  This  late  eighties 
increase  in  Federal  support  was  most  evident  in  en^d- 
necriuK.  die  life  sciences,  mathematics,  and  die  comput- 
er sciences.  Between  198()  and  1990.  annual  rates  in 
these  fields  ranged  from  4  percent  (enK'iieerinj,^  and  life 
sciences)  to  almost  8  percent  (mathematics). 

Not  all  fields,  however,  were  affected  l)y  the  resur- 
.trence  in  Fedc^'al  supimrt.  hi  the  social  and  environmen- 
tal sciences,  for  c^xampie.  the  number  of  federally  sui> 
l)orted  KHuluate  students  continued  to  decline  as  sliari)ly 
as  it  had  in  the  early  eighties,  loreover,  increases  in 
support  from  non-lVderal  sources  for  tliese  fields  flid  not 
keep  |)ace  with  declines  in  Federal  sources  of  funding?. 

i)  'Verent  ^^Towth  i)atterns  in  supi)ort  sources  resulted 
in  a  shift  in  the  mix  of  these  sources  between  1980  and 

Miuiy  stiidcnls  luiul  Hii'ii\tri'.i(!ii:it('  rdiK'iitioii  [i^lu^  <('\'r\\\\  diUci 
v\\\  sources  of  lin;iiu-ial  aid.  some  ol  wliitdi  arc  iioi  rcporicd . 
e  ons«'(HU'ntly.  alllmti^li  \\w  dala  in  tlii^  srclinii  i{  .in-M  nl  a  mdjt.riiy  nl 
sii|j{>orl  sourct's.  tlu'V  d(j  imt  irprc^cnl  all 

l)at:i  ill  this  ^rctioii  on  soiitvr^  and  nirtOianisnis  of  support  aniont! 
KM  adiiatc  SX:li  sMidrnls  arc  lor  diosc  enrolled  lull  liinc.  Sec  '  iKS  (torliv 
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Figure  2-12. 

Trends  in  sources  of  financial  support  for 
science  and  engineering  graduate  students 


Percent 
100  r— 


1980        1982        1984        1986        1988  1990 
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1990.  The  proportion  ot  students  who  reported  support 
Ironi  non-Kederal  sourees  rose  from  48  to  T)!)  pereent. 
Overall,  the  fraction  of  students  who  received  Federal 
support  fell  slij^^lUly,  dropping  from  21  to  L^O  percent. 
Percentages  varied,  however,  by  science  field.  The  i)ro- 
portioiial  change  in  self-support  over  the  decade  was 
from  'M  to  27  percent. 

Mechanisms  of  Graduate  Student  Support.  Mecli 
an  isms  of  llnancial  assistance  fall  into  four  major  cate- 
j^ories: 

•  Fellowships — usually  receivc^l  directly  by  students 
h*()ni  sources  other  than  the  academic  institution. 

•  7 mn/m7//p>:— competitive  awards  usually  ^iven  by 
the  institution. 

•  Teacliinfi  assistantsliips,  and 

•  Research  assistantships, 

huruiK  the  19804)0  i)eriod.  the  hi^iiest  Kn>\vtli  rate 
anions  support  nu'chaiiisms  was  for  research  assis- 
tantshii)s.  which  increased  at  an  annual  rate  of  more*  dian 
4  percent.  As  a  result  of  this  Ki'owth  rate,  the  share  of 
.tiraduate  studc^nts  supported  by  tills  mechanism 
inci-eased  from  Z\  to  29  percent.  lellowsliii)S  and  teaching 
^  assistantshii)s  each  rose  about  2  percent  a  year.  Finally, 
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tlu*  iiuiiilxr  of  traiiUH'sliips  dcdiiu'd  until  about  UWli;  l)y 
U)9().  however,  tlu*  luiiiiber  of  students  siii)i)()i1ed  by  tliis 
niodianisni  had  almost  n^cmTed  its  U)8(H(*vel. 

Types  of  sui)poi1  iiieehfinisiii  differ  anions  oiajor  St^K 
fields.  111  UH)()»  rc^searcli  assista!itshii)s  siii)p()rted  the 
larKt'st  portion  (roughly  two-fifths)  of  students  in  the 
physical,  environmental,  and  lif(*  sciences  and  in  engineer- 
in^.  Teachinii  assistantships  made  iif)  the  bidk  (about  o(i 
percent)  of  support  ivceived  by  mathematics  students,  hi 
contrast*  other  sources  of  supi)ort  (a  cateK<)iy  including, 
for  (*xaniple.  Federal  stud(Mit  loans)  accounted  for  the 
largest  sliai'(*s  of  support  for  students  in  |)sycholoKy  (59 
percent)  and  the  social  sciences  (48  i)ercent). 

Support  Mechanism  by  Source.  TyiK  s  of  supi)()rt 
mechanisms  also  vaiy  betwecMi  Federal  and  non-Federal 
sources.  (See  figure  2-Kl)  For  example.  Federal  agen- 
cies provide  a  majority  of  tluMr  sui)i)ort  in  tlu*  form  of 
research  assistantsliii)s,  hi  1989.  more  than  four  of  five 
students  funded  by  NSI*'  were  supported  by  res(»arcli 
assistantships/''  Conii)aratively.  |)ercent  of  those 
receiving  non-Federal  support  were  on  research  assis- 
tantships: 45  percent  held  teacl;inj^^  assistantships. 

Shifts  occurred  over  the  1980-89  pcM'iod  in  the  types  of 
support  mechanisms  used  by  the  Federal  aiid  non- 
Federal  sectors.  In  K^Mieral.  research  assistantships 
increased  in  siKiiificance  for  both  sectors.  Concurrently, 
federally  sponsored  traineeships  and  nonf(*dtM*ally  fund- 
ed fellowships  and  ti^achin^  assistantships  droi)ped  off. 
(See  ai)pendix  table  2-22.) 

Support  of  Recent  Ph.D.  Recipients.  (Graduates  of 
doctoral  S(S:F  pro^^rams  were  supported  by  a  nuiiiber  of 
different  sources.  |)riiiiarily  by  universities.  For  example, 
of  the  22jW  persons  who  earned  Fli.l).  de.i;r(*es  in  SiJCrF 
fields  in  1990.  over  18.100  n^ported  at  least  some  finan- 
cial supi)ort  from  tluMr  institutions.  Research  and  teach- 
ing assistantsliii)s  were  chief  anions  the  mechanisms  of 
university  supi)ort. 

Academic  institutions  w(*re  cited  as  the  major  support 
source  by  Ph.D.  recipients  in  all  S^:K  fields.  By  field,  this 
source  played  a  somewhat  lar^iM'  role  in  financiii.i; 
decree  pro.^ranis  in  natm'al  science  fields;  new  doctorate 
recipi(Mits  in  psycholo.irN'  were  less  likely  to  rely  on  insti- 
tutional support. 

AmouK  other  sui)port  sources,  rou^^dily  9.000  of  the 
L'li.TOO  new  S^^^F  doctorate  reciiiieiits  indie  atml  that  tliiMr 
own  ear!)in.L;s  sni)i)()rtefl  a  i)ortion  of  tin  ir  ediu^'ition, 
Fh.I),  d(\^ree  recipiiMits  in  i)syclioloKW  wen*  most  likely 
to  rely  on  self-support. 

International  S&E  Education 

Mowing  Iii.LrIier  education  in  science  and  en.uM!ieiM'iii,t; 
iiiternatit)iially  may  lie  done  from  a  number  of  i)ersi)ec- 
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Iiilc)nnjiti()n  lor  li'Mo  ui,  support  niiu'lKUiisni  l)y  s(»uri'i'  was  not 
avjiiliihir  as  oi  this  writiiiir. 

Mala  ill  iliis  sci  iion  mr  Ihmh  NS|'"s  Suitcn  oi  I'^aiiu'd  1  )tK'ioiiiti's. 
nnpiiblivhfd  lal)rlaliinis. 


Figure  2-13. 

Types  of  financial  support  mechanisms 
provided  to  1989  science  and  engineering 
graduate  students,  by  source 
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liv'(*s.  This  section  |)rosenls  two  asi)(*cls  of  lliis  l()|)ic. 
Kirsl.  ihe  lUiiiibcM'  of  foiviKii  sliulciils  sludyiiiK^  in  T.S. 
uiiiversilies  and  collcfj^^s  is  (^xaiiiiiied.  Second,  compar- 
isons in  baccahuiivalc  production  in  natural  scitMicc  and 
tMiKinceriiiK  decrees  are  made  across  si^veral  different 
coiuitries. 


Foreign  Students  at  U.S.  Colleges  and 
Universities 

Graduate  S&E  Enrollment.  Particii)ation  of  forei^ni 
citizens  in  SX:K  K^radiiate  pro^n^ams  at  I'.S,  academic  insti- 
tutions rose  dramatically  during'  the  eij^lities  from  about 
2()  iKM'cent  of  the  total  in  IWA  (the  (*arli(*st  \'ear  for  which 
comi)arabl(*  data  an*  available)  to  2(i  perciMit  in 
There  were  almost  102. oOO  forei^uMi  students  iMii'olled  in 
Si.^K  K'nuluati*  study  in  U])  from  7<).(i()()  7  years  earli- 
(M',  hi  c()mi)arison.  the  number  of  r,S.  citizens  enrolled 
rose  from  about  to  almost  2^HU()(), 

Ijy  field,  f()rei.uMi  enrollment  ^ww  fastest  in  the  c*om- 
puter.  i)hysical.  and  life  sciences.  Annual  .urowth  in  these 
fields  was  between  7  percent  (i)]i\'sical  sciiMices)  and  10 
ptMvent  (conii)uter  sciences)  duriii}^  the  7-year  i)eriod.  At 
al)out  :i  ptMvent  i)er  year,  the  slowest  .Ljrowth  rate  was  in 
the  social  scienc(*s.  KnrollnuMit  of  T.S.  citizens  increased 
fastest  in  tin*  computer  sciences  (1  percH'iit),  These  dif- 
ferin.t^  trrowth  patterns  resulted  in  a  lumber  rei)r(*senta- 
tion  of  foreiyn  stU(!(Mits  in  almost  all  S^V  j^raduate  pro- 
.trrams.  (See  fi^iu'e  2-1 1  and  fij^ure  0-17  in  OveiA'iew.) 
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Foiviffii  citi/ms  tend  to  be  conceiitratod  in  dillVaMil 
fields  ()»'  study  than  aiv  T.S.  citizcMis.  For  (^xample, 
almost  'M  pnwnt  were  (Mirolled  in  (MijjiiUHM'inj;  coni- 
pan^l  to  2  \  \)v\xcn[  of  U.S.  citizens  in  1990.  Siniilaiiy,  for- 
vi^w  students  were  more  often  in  physical  and  computer 
science  studies;  U.S.  citi/(Mis  tended  more  toward  the  life* 
and  behavioral  sci(MU'es.  Thus,  about  percent  of  U.S. 
graduate  students  we-  in  psycholo^jy  pro^jrams;  less 
than  2  pcM'cent  of  foreign  enrollment  was  in  this  field. 

S&E  Doctorate  Recipients.  Data  on  new  Sc^-lv  doc- 
torate recipients  reveal  a  more  detailed  picture  of  partici- 
pation by  foreign  citizens  in  U.S.  ijraduate  education. 
Much  of  the  increase  in  ScK:H  doctorate  production  dur- 
ing the  eighties  was  attributable  to  iiicn^ases  in  the  num- 
ber of  temporary  residents  earning  these  de^iriH^s. 
Between  1980  and  1990,  the  number  of  Sc^cH  doctorates 
^^rante(l  rose  from  17,500  to  22,700.  Dej^rees  to  tempo- 
rary residents  accounted  for  almost  70  perccMit  of  this 
increase.  15y  1990,  about  28  percent  of  Ph.D.  pro^jram 
f^raduates  \w\v  on  tcMiiporary  visas;  another  5  percent 
held  pernuuKMit  visas. 

'!  lu*  repn^sentntion  of  forei^^n  citizens  amon^j  Sc<:I{ 
doctorate  recipiiMits  varies  considerably  by  field  of 
defiree.  (See  fif^ure  2-14.)  About  one  of  eveiy  two  Ph.D. 
rtTipi(Mits  in  mathematics  and  enf^ineerin^  studied  in  the 
United  States  on  a  temporary  visa.  In  contrast,  only 
about  1  in  20  Ph.D.  recipients  in  psycholofjy  was  a  tem- 
poraiy  resident. 


Figure  2-14. 

Foreign  citizen  representation  in  1990  U.S. 
science  and  engineering  graduate  education 
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Comparisons  of  U.S.  and  iion-l'.S.  citizen  Ki'<)wlh  rates 
and  distributions  of  doctoral  (ic^^jrivs  by  field  reveal 
a  pattern  similar  to  that  ofSc^rK  fjradiiate  (MirollmcMit. 
I)iirin,t(  th(^  (M^hties,  annual  jjrowtli  rates  in  tlu^  numbers 
of  [(Miiporaiy  residents  exceeded  those  of  U.S.  citizens  in 
all  fields.  For  U.S.  citi/.(Mis,  tlu^  numbers  (^arnin^j  (h^^iws 
in  mathematics,  the  life  sciences,  psycholof^y,  and  the 
social  sciences  showed  declines.  By  SiS:K  field,  tempo- 
raiy  residents  were  much  more  likely  U)  receive^  de^nvcs 
in  en^jineerinjj  Uian  were  U.S.  citizens.  In  1990,  about  'MS 
percent  of  tiinporary  residents  and  14  percent  of  U.S.  cit- 
izens learned  their  de^jrees  in  this  field. 

Most  of  the  foreifjn  citizens  earnin^i  S(S:K  doctorates 
are  Asian.  About  64  percent  of  temporary  residents  in 
1990  v;ere  Asian;  2!^)  percent  were  white.  These  propor- 
tions have  chan^t^d  si^jnificantly  over  the  last  (lecad(\  In 
1980,  about  45  percent  of  temporary  residents  were 
Asian  and  34  percent  were  white. 

International  Comparisons  in  Higher 
Education 

Kducational  trends  over  the  last  15  years  in  four  world 
rcf^Mons  reflect  a  shift  in  global  human  rc^sources  for  sci- 
ence from  developed  to  developing!  countries.*-'''  Available 
data  on  bachelors  de^irees  in  natural  science  and  en^i- 
neerin^  fields  illustrate  this  shift."'  (vSee  figure  2-15.) 
Developing  countries  such  as  China  are  producing  a 
firowin^  share  of  the  worlds  NScK:K  deforces."'' 

According  to  these  data,  the  Asian  region  ((^ven  con- 
sidering' only  six  countries)  surpassed  the  USSR  re^non 
after  1986  in  |)ro(lucti()n  of  NS<K:K  bachelors  decrees,  hi 
enf^ineerinf(,  the  USSR  is  still  the  highest  regional  pro- 
ducer of  bachelors  deforces  in  the  world.  In  the  natural 
sciences.  North  America  and  the  USSR  have  both 
declined  slif^htly  in  the  last  few  years,  while  Asia  and 
Ivurope  have  increased  in  annual  de^ret^s. 


See  appendix  tables  2-23  and  2-24 
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'\)'i\U\  ill  lliis  scdiofi  on  (Ic^m'ccs  by  toimlrv  arc  lor  NS\I!  Holds 
only.  Nnlnral  snonco  Holds  itu*huIo  nialln'nialirs  and  dio  physical,  bio- 
loKi'  *d.  onviroinnonlal.  aKri<MiItin*al.  and  < onipnlor  si  icncj  s. 

ConiMric.  in  \*orib  Atnoriia  lor  wln(  !i  dala  svorc  available  lor  rom- 
parisons  nudiido  llio  I'nilod  Stales  and  Canada:  Wcslcrn  luiropcan 
oonnlrics  inelndc  IVaneo.  Italy.  Sweden,  the  rniled  KinKdom,  and 
West  (iertnany  (West  (lennan  decree  data  do  imt  include  data  I'or  l\asl 
(lennany).  Selecled  Asian  eounlries  include  China.  India.  .Inj)an. 
SiuKMixire.  South  Korea,  and  Taiwaii.  The  I'SSH  contains  nil  M 
republics.  Therelort'.  the  eotnparisotis  are  aniouK  limited  dala  sels  ol 
three  world  reKi'>iis  nnd  one  coniplele  r(*j^ion  (the  I  SSK). 

'  The  dala  base  used  here  was  developed  Irotn  ir)-\'ear  time  scries 
(HI  university  em*ollmenls  and  Kt'iiduales  in  N.S^^I-!  fields,  obtniiied  Ironi 
I'M'SCO's  Division  ol  Stalisties.  rNh:SC()  dala  wi  re  u|)dated  luid 
adjusted,  and  missint,'  years  ndded.  v.ilh  nalional  e(lucati(Hial  sialislics 
Irotn  each  coutitty  over  the  snnie  time  period  (IMT.hSO).  (See  "Refer- 
ences.'* pp.  tor  coutUry  data  sources,)  National  statistics  werc^ 
Ihen  recliissitied  usin^n  NSh"  Held  t:i\onomies.  In  this  chapter,  first  uni- 
versity decrees  ol'  (ilbef  countries  iire  referred  to  as  bacbeltirs  de^u'ees, 
Some  (jf  the  increase  in  Asian  bachelors  de^i  ees  in  the  early  j-i^ht- 
i(s  rellects  the  C  hlurse  universities  reojx'ned  in  the  late  seventies  and 
the  surire  of  youn^  people  who  entc  red  universities  vr  reiurned  !o 
complele  scienic  programs  lluil  had  been  intci rupl*'d  duriuK  iIh' 
Cullural  Revolulion. 
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Figure  2-15. 

Bachelors  degrees  in  natural  science  and 
engineering,  by  selected  world  region 
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NOTES;  USSR  =  a!l15  republics;  Asia  =  China,  India,  Japan. 
Singapore.  Korea,  and  Taiwan  (data  for  China  are  not  available  prior  to 
1982):  North  America  =  United  States  and  Canada:  Europe  =  France. 
West  Germany,  Italy,  United  Kingdom,  and  Sweden. 
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(iroupiiiK  countries  by  stafjt*  of  dovolopiiuMil  ralluT 
than  by  K^oKi'aphic  ivfjioii  hifjliliKhls  differences  in  bach- 
elors de^ret*  growth  rates.  (See  text  table  2-2.)  During 
UlTfvHH.  five  Asian  dc^velopiiifj  countries  more  than  dou- 
bled their  annual  number  of  NSiSrli  bachelors  decrees 
avvardi^d.  The  dt^veloped  countries  increased  their  annual 
bachelors  (U»K»ves  by  Ki  percent,  hi  U)^8.  the  developed 
countries  led  in  the  share  of  bachelors  defj^^^^cs.  However, 
fjiven  demographic  patterns  in  Asian  countries,  they  have 
the  capacity  to  reverse  this  (^t'der  and  l  apidly  surpass 
developed  countries  in  human  resources  for  science. 

Bachelors  Degrees  in  the  Natural  Sciences.  The 

rSSK  and  the  United  Slat(»s  show  declines  in  natural  sci- 
ence Ki^adiiates  over  the  llVyc^ar  time  period.  (See  figure 
2'U\)  Canada  is  steadily  increasing  in  natural  science  ^nul- 
uates.  Within  Kurope,  only  the  United  Kingdom  has 
declined  in  natural  science  dtv^rees  since  \[)H2.  All  olluM^ 
Kuropean  countries  have  yrown  in  natural  scitMice  decrees. 


The  luKh  number  of  bachelors  decrees  in  the  natural 
sciences  in  Asia  is  largely  accounted  for  by  hulia.  hulia  is 
lh(»  worlds  foremost  educator  of  natural  scientists;  since 
the  early  seventies,  it  has  annually  produced  more  bach- 
elors de^J^ees  in  these  fields  than  has  the  United  Slates. 
India  s  preference  for  basic  sciences  is  shown  in  the 
hiyh  ratio  (().2H)  nf  natural  science  decrees  to  total  de- 
crees. (See  appendix  table  !i-28.)  China  will  also  be  a 
main  producer  of  natural  science  defji'ces  for  the  Asia 
region.  With  about  40,000  decrees  annually.  China,  pro- 
duces sliKhlly  fewer  than  one-third  of  the  (K,:^rees  that 
hulia  produces. 

Bachelors  Degrees  in  Engineering,  lu  the  USSR, 
most  higher  education  decrees  are  .i^iven  in  technical 
fields:  about  'M\  i)ercenl  of  all  defji'ees  Ki'anled  in  this 
counliy  were  in  eiiKineeriiiK  in  1988.  hi  19(S6.  ciiKineer- 
iiiK  decrees  be^an  to  decline  annually  in  the  USSR,  but 
there  are  still  over  28().()()()  such  decrees  K>'iinled  per 
year.  (See  figure  2A7,)  These  en^ineerinK  K^'^iduales 
receive  technical  irainiiifj  in  highly  focused  eiiKineeriiiK 
subspecialties,  such  as  industrial  lathes.  This  training  is 
very  different  from  the  general  and  theoretical  eiifjinecM*- 
iuK  education  of  other  countries,  whore  en.i^ineeriuK 
princinles  can  be  applied  to  new  products  and  processes. 


Text  table  2-2. 

Annual  growth  rates  in  natural  science  and  engineer 
Ing  NS&E  degrees  in  developed  and  developing 
countries:  1975-88 


NS&E 

Natural 
science 

Engineering 

Percent 

Total  

3.0 

2.4 

2.9 

Developed  countries 

1.1 

1.1 

1.2 

Canada   

4.2 

4,1 

4.3 

France  

4.0 

4.9 

3.5 

Italy  

1.8 

1.2 

1.3 

0.9 

1.4 

0.8 

Sweden   

2.7 

3.2 

2.5 

United  Kingdom  .  .  . 

-0.5 

-0.3 

-8.0 

2.5 

1  0 

5.0 

West  Germany  .... 

5.3 

I;  6 

5.9 

USSR  

0.8 

0.6 

0.3 

Developing  Asian 

countries  

5.2 

4.1 

6.6 

China  

6.9 

5,0 

7.8 

3.3 

3.0 

5.3 

Singapore  

11.0 

8.1 

14.4 

South  Korea  

11.3 

11.2 

11.1 

Taiwan  

3.6 

3.8 

3.7 

NOTE:  Grov/th  rates  were  computed  with  lime  trends  on  latest  avail* 
able  1 0  to  1 5  years  of  data:  for  developing  Asian  countries  total  and  for 
China,  growth  rates  were  computed  with  time  trends  on  last  5  years. 
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Figure  2-16. 

Trends  in  natural  science  baclielors  degrees, 

by  selected  country 
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liy  lhal  iiicivascd  its  pi'oduclioii  ol*  bachelors  de^i'tu'S  in 
natural  science  and  en^ineeriiiK  did  so  with  a  Krowiny 
c()lle^^(^-aK^^  population.  Only  West  (Germany  managed  to 
increase  NvS&K  decree  production  {5-percent  growth 
rate  over  15  years)  with  a  declining  colle^^^si^e  i)opula- 
tion  since  1{)85.-''  The  United  vStates,  the  luSSK,  and  the 
United  Kingdom  had  a  smaller  pool  of  20-  to  24-year-()lds 
and  a  fallolT  in  technical  de^n'ee  production.  The  decline 
in  colleKe-a^e  population  in  the  UvSvSK  ended  in  1990. 

Participation  Rates  in  S&E  Education.  Aiiioiik  'ill 
countries,  the  UvSSK  had  the  highest  percentage  of  22- 
year-olds  who  received  bachelors  decrees  in  natural  sci- 
ence or  ciiKineerinK.  (vSee  figure  2-18.)  Kven  with  a  sli^lU 
decline  over  the  last  few  years,  over  8  percent  of  this  a^e 
j^roup  ill  the  UvSvSR  received  technical  degrees.  Among 
Western  countries,  the  United  vStates  had  the  next  high- 
est percentage  of  technical  degi'ee  recipients  among  its 
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Holh  Canada  and  the  United  States  peaked  in  engi- 
neering degree  production  in  1985,  and  their  numbers 
have  since  been  decreasing.  In  European  countries,  only 
the  United  Kingdom  has  declined  in  engineering  gradu- 
ate v  Kurope  overall,  like  Asia,  lias  increased  its  number 
of  graduates,  but  from  a  smaller  base  than  Asia. 

China  and  Japan  art^  the  main  producers  of  engineer- 
ing degrees  for  the  Asian  region.  China  has  the  highest 
numbiM-,  with  9:^000  graduates  in  1987.  Japan  has  the 
second  highest  production  of  engineers,  with  77,000 
graduates  that  same  year.  However,  Japan  has  hvvn  pro- 
ducing approximately  this  number  of  engineering  gradu- 
ates for  over  10  years,  wiien^as  tin*  inimber  of  degrees  in 
China  is  beginning  to  increase.  In  South  Korea,  tlu^ 
increasing  number  of  engin(»ering  degrees  has  rc^cently 
leveled  off:  for  the  past  3  years  its  degrees  have 
remained  slabU\ 

Demographics.  The  shan^  shift  in  global  human 
resources  for  science  in  th(»s(^  four  world  regions  is 
r(^tlecl(uj  in  the  demographic  trends  of  tluMr  20-  to  24- 
O  apolds.  (See  appendix  table  2-27.)  Almost  every  coun- 

ERLC 


)^r()U|)s  ol'  Ihr  unilfd  (Ifrniany.  W<'sl  (iiM'iiuin  (U'ki*^*^'  tlidn.  liowmT. 
an*  Idr  llu*  fonmM*  \Vi*sl  (ifnnaiiy  (jiily. 


Figure  2-17. 

Trends  in  engineering  bachelors  degrees,  by 
selected  country 
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youn^  pi»()pU\  approxiiiiaU'ly  T)  |)tM'ctMit.  'Yhv  United 
Kingdom  dropped  its  participation  raie  in  technical 
(Icjjfrtvs  during  tlic  ci^ditics  from  4  to  !^  |)crct»nt.  France. 
Italy,  and  West  (ierniaiiy  increased  the  percenta^n*  of 
their  youn^  people  receivin^^  technical  de^nves  from 
betw(vn  1  and  2  percent  to  between  2  and  3  |)ercent. 

Japan  s  hi^h  percentafje  of  youn^  l)e()|)le  obtaining 
NS&K  decrees  (6  percent)  fell  sli^^itly  in  the  last  few 
years,  as  both  preferences  for  natural  science  and  engi- 
neering and  the  colle^a^-a^e  |M)|)ulati()n  declined.  Most 
Asian  developin^^  countries  increased  tlie  |)ercentaKe  of 
22-year-()lds  receivin^^  NS&K  baccalaureates  over  the  15- 
year  time  periou.  South  Korea  dramatically  increased  its 
NS&K  decrees  from  2  to  percent  of  its  youn^  pe()|)le. 
Taiwan  increased  its  NS&I^  de^Tet»  awards  from  2-  to  :^ 
percent  for  its  colle^a^-a^u*  |)opulati()n  over  the  last 
decade. 

China  and  India,  with  their  hu^'e  |)(^|)ulati()ns.  are 
maintaining  their  participation  rates  of  O.I)  percent  and 
1.09  percent,  res|)ectively.  If  China  and  India  continue  to 
maintain  thest^  ratios,  j^lobal  human  resources  for  science 
would  be  K>*catly  augmented. 


Figure  2-18. 

Natural  science  and  engineering  bact^elors  degrees  as 
a  percentage  of  22-year-olds,  by  selected  country 
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Science  and  Engineering  Workforce 

HIGHLIGHTS 


Industrial  Job  Patterns 

•  Employment  growth  of  scientists  and  engineers  in 
nonmanufacturing  industries,  primarily  the  ser- 
vices-producing industries,  outpaced  that  in  manu- 
facturing during  much  of  the  1980s.  Between  1980 
and  1989.  the  number  of  science  and  engineering 
(S&K)  positions  in  noninanufacturinK  industries  rose 
at  an  average  rate  of  4.5  percent  annually,  reaching 
920.()()()  in  1989.  Manufacturing  industries  also 
increased  their  utilization  of  S&K  personnel.  Between 
1980  and  1989.  the  number  of  S&K  positions  in  manu- 
facturing industries  increased  at  an  average  annual 
rate  of  3.2  percent.  See  pp.  68,  69. 

•  The  1980-89  S&K  job  growth  in  manufacturing 
and  nonmanufacturing  has  stemmed  from  differ- 
ent factors,  hi  nonmanufacturing.  S&K  occupations 
increased  their  share  of  total  jobs  (from  1.4  peivent  in 
1980  to  1.5  percent  in  1989)  and  also  benefitted  from 
substantial  wonomic  growth  as  reflected  in  a  1}  1-per- 
cent increase  in  total  jobs.  As  a  result.  S&K  job  ()pix)r- 
lunilies  in  nonmanufacturing  increased  by  almost  50 
percent  during  the  eighties.  In  manufacturing,  growth 
in  S&K  positions  stemmed  from  an  increased  share  of 
declining  total  manufacturing  jobs.  See  pp.  68,  69. 

•  Computer  specialists,  the  fastest  growing  major 
S&E  occupational  group  over  the  decade,  reached 
318,000  in  1989— more  dian  all  other  scientist  oc- 
cupations combined.  Computer  specialists  almost 
doubled  their  numbers  in  both  manufacturing  and 
nonmanuiacturing  industries  (to  KXIOOO  and  216.000. 
respectrve!y).  Most  of  this  growth  was  due  to  the  rapid 
expansion  of  the  business  semces  industries,  primar- 
ily computer  and  data  processing  sei'vices.  See  p.  70, 

•  Over  60  percent  of  the  1.35  million  private 
industry  engineers  were  employed  in  the  manu- 
facturing sector  in  1989.  However,  the  nonmanu- 
facturing sector  had  a  higher  average  annual  gi'owth 
rale  in  engineering  jobs  over  the  1980-89  decade  than 
did  nicJUifHctu ring— 4,5  versus  3.2  percent.  Klectrical/ 
electn  nic  engineering  ^Aas  the  largest  specialty  in 
both  n^anufacturing  (where  it  accountc^d  for  32  per- 
cent of  the  sector^s  total  engineering  jobs)  and  non- 
manufailuring  (33  percent).  Seep,  70. 

Demographic  Trends  in  S&E  Employment 

•  In  1990,  the  median  annual  salaric^s  of  recent  fe- 
male baccalaureate  recipients  employed  as  scien- 
tists and  engineers  were  approximately  73  percent 


of  the  salaries  of  their  male  counttq^arts.  This  dif- 
ference in  salaries  is  largely  due*  to  the  conccMitration  of 
women  in  relatively  low-paying  scientific  fit^lds.  In  fact, 
for  many  of  the  engineering  fields,  wonUMi  report  higher 
salaiies  than  men.  Seep,  74, 

•  In  1989,  the  population  of  doctoral  scientists  and 
engineers  was  about  485,000,  an  increase  of  4 
percent  per  year  since  1977.  Over  this  i)erio(K  the 
annual  rate  of  retirement  for  doctoral  scientists  and  cmv 
gincers  increased  from  about  0.5  percent  between 
1977  and  1979  to  0.8  piMvent  between  1987  and  1989. 
The  effect  of  this  change  was  a  dramatic  increase  in 
the  proportion  of  the  doctoral  scientist  and  enginetM* 
population  who  were  retired — from  3.2  percent  in  1977 
to  r).0  percent  in  1989.  Most  of  this  increase  occurred 
after  1985.  when  retirees  accounted  for  3.5  percent  of 
the  S&K  doctoral  population.  See  pp,  75''76, 

•  Doctoral  scientists  and  engineers  had  littie  trouble 
finding  work  during  the  1977-89  period;  their  re- 
ported unemployment  rate  ranged  from  1.2  per- 
cent in  1977  to  less  than  1  percent  in  1989.  By 

contrast,  the  overall  unemployment  rate  in  the  United 
States  was  5.3  perctMit  in  1989.  while  for  professional 
workers  it  was  1.7  percent.  The  rate  for  scitnitists  and 
engineers  at  all  degree  levels  combined  was  1.5  percent 
in  1988.  See  p,  76. 

Labor  Market  Supply  and  Demand 

•  The  1990s  should  be  a  period  of  relative  stability 
in  overall  S&E  labor  mark  ts.  In  contrast,  during 
the  early  to  mid-1980s,  many  S&K  fields  experienced 
temporarx'  shortages  due  to  the  defense  buildup  of  the 
period.  Various  demand  scenarios  have  been  pro- 
cessed to  examine  how  alternative  national  economic 
growth  patterns  might  affect  S&K  employment. 
Supply  side  simulations  hav(*  been  run  to  test  the  abili- 
ty of  :  .e  supply  system  to  respond  to  these  demand 
scenarios.  See  p.  79, 

Immigration 

•  In  1988,  11,000  scientists  and  engineers  immi- 
grated to  the  United  States.  Almost  om^-half  of 
these  immigrants  canu^  from  Asia— three  times  th(* 
amount  that  canu*  from  Western  Kur()p(^  'Hit*  larg(*sl 
numbers  of  immigrants  canu*  from  India.  Taiwan. 
The  Philippines,  and  the  United  Kingdom.  (*ach  of 
which  accounted  for  more  than  750  such  immigrants. 
See  p.  83, 
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Introduction 

Chapter  Focus 

Thv  U)8()s  witiusst^d  substantial  j^rowtli  in  (UmikuuI  for 
worktM's  in  sci(MUH^  and  (Mij^inccrinK  activitiis. 
New  and  (^xpand(^d  proj^ranis  in  nsi^aivh  and  dcvcloj)- 
nuMit  (K^S:!)).  drf(MiS(\  lu^altli,  and  liij^hur  education  all 
contributed  to  this  jzrowtli.  'IIumv  was  also  a  shift  in  this 
decade  in  the  industrial  diMiiand  composition  for  SikK 
personnel,  as  nonnianufacturinj^  induslrii^s  bej^an  to 
overtake  nianufacturinj^  oius  as  the  major  employnuMit 
sector.  These  chanj^es  were  j^iMUM'ally  acc()mi)lished 
throujih  a  flexible  labor  force  and  an  i^lucational  system 
capable  of  providinj^  the  piM'soniuM  and  traininj^  ri^quired. 
An  increasinji  use  of  foriMijn  orij^in  jxi'sonnel  was  also  a 
sijinificant  factor  in  meetinj^  the  diMiiaiid,  esi)ecially  at 
mort*  advanced  U*vels. 

Tin*  Nation  s  S^IC:!'!  workforce  will  fac(^  lu^w  and  differ- 
ent challenges  durinj^  the  nineties.  Demand  for  new 
S<S:I^  workers  is  i^xpected  to  incn^asi^  at  a  slower  i)ace 
than  that  (experienced  durinj^  tlu^  U)80s:  howevcM*. 
(MuploytM's  will  nvvi\  larj^iM'  numbiM's  of  ri^i)lacenuMits  for 
attrition  from  tlu^  overall  j^rowinj^^  Si^V.  labor  force. 

On  th(*  supply  sidi\  coikhmus  (*xist  about  tlu^  imi)act  of 
a  decliniuK  coUej^e-a^e  population  on  future  levels  of 
new  Si<K  {graduates.  If  the  fall  in  the  number  of  S<!C:1'! 
badu^lors  d(*KJ*^'^*^  awardt^d  bdwet^n  198(>  and  19S9  con- 
tinues into  th(*  niiuliis,  industry  will  havt^  to  n^ly  mon^ 
heavily  on  sources  other  than  new  j^raduatts  to  fill  th(Mr 
ntH'ds.  I{mpk)y(M*s  will  niu'd  to  focus  more  of  tluMr  ilforts 
on  retaininj^  and  retoolinj^  their  cu rrtMit  workforce. 
These  and  othtM*  factors  will  together  di^termint^  the 
future  balance  of  the  S&K  labor  markt^t. 

Chapter  Organization 

This  chaptiM*  i^xamiius  past  and  projirted  j^rowth  of 
Si^'K  jobs  in  the  industrial  sivtor.  which  forms  thi^  cort^ 
of  demand  for  S*!C:H  occupations  (about  two-thirds  of  total 
ScVL'K  (Muployment).  Information  on  tlu^  educational 
attainment  of  tlu^  sciiMici^  and  iMij^iiuuMinj^  workforce^  is 
also  pr(S(Mited.  iMiially.  comparative  data  on  interna- 
tional Si^'K  (Miiploymeiit  are  provided. 

Industrial  S&E  Job  Patterns' 

In  19iS9.  U.S.  private^  industry  provided  jobs  for  lu^arly 


Analyse^  in  llii^  M'liion  im-  IjmmmI  on  dala  Irnm  thr  ( )t\ii))aliniial 
l*aii))lt)\ iiu'iil  Slali^lii>  (Oi-S)  Survey  tondiuMtMl  anniially  by  llir 
liiin'aii  <»l  I-^il)<»r  Slalislir^.  Thi^  h\yyn\  rslaljIi^htiimi  haM-d  sinvcy 
KtK  itiloniialinii  on  ('ni|)loynn'nl  in  S\*I'.  jol)^.  The  individuals  luddin.u 
llH'sf  jobs  nt't'd  noi  hr  hmnally  trained  in  S\'!'!  ]>nl  raliier  ran  have  thr 
rcjiiivalriit  (tl  1  years  ot  training;  in  a  irlatrd  SiV  i\  llrld, 

Nt)ti'  that  tiie  Ol'.S  data  do  nol  nctcssn  ily  t  lassity  S^^^•i^  pcisnnnel 
eii.isMued  in  nianaKenu'Ml  as  |)art  ol  the  St^i:i^  uorklorri*.  In  the  Ol'iS 
Survey.  nianaKenH'nl  is  a  nnicine  oeeupalion;  in  other  smveys  reter- 
eiu'ed  in  illis  ehapter.  niana.uenient  is  a  |M'nnissible  St'vl'.  jol)  I'unetion. 

Annual  liata  reporiefl  in  this  sciiion  are  basted  on  estimates  i^i-ner- 
ated  by  the  National  Seienre  i  onndaticHi.  i-or  an  explanatiini  ol  (lie 
Oj'S  Survev  and  S\'i-.  job  eslinialin^  nietliodolo^v.  see  SKS  (IDDOa). 
^  -ndixA: 


!:  million  scientists  and  enj^iiuui's. '  This  total  repres(Mit- 
ed  2. 1  percent  of  all  i)rivate  industry  employment,  up 
from  2.1  piM'ciMit  in  1980.  Since  the  UlSOs,  industrial 
(Miiployment  patterns  for  sci(Mitists  and  enj^intuM's  havi^ 
shifti^d  sij^nificantly,  with  stronj^  tjrowth  ii'.  llu^  1950-70 
pei'iod,  stagnation  and  dtvliiu^  in  the  (^aiiy  and  mid-st^v- 
enties,  resur}j[ence  in  the  late  seventies  throuj^h  1980. 
and  j^enerally  fallinj^  rates  of  j^rowth  since  1981  (SRS 
1988a.  p.  2). 

Sc^^I'i  iMiiployment  has  contiiuu^d  to  exceed  thi^  j^rowth 
rat(^  of  the  total  industrial  labor  force.  B(Hw(hmi  1980  and 
1989.  tlu^  number  of  Sc^I*;  jobs  in  private^  industry  in- 
creased at  almost  twict^  tlu^  rat(^  for  all  worktM's.  (Scv  fij^- 
ure  0-8  in  ()v(Mvi(^w.)  Tlu^se  trends  v^vw  accomi)anied  by 
major  chan}j[(^s  in  tlu^  industrial  stvtor  and  ()ccui)ati()nal 
mix  of  Sc^'K  (MiiploynuMit.  Most  strikinj^ly,  the  concentra- 
tion of  industrial  S(!C:K  (Miii)loynKMit  has  j^radually  shifted 
from  manufacturinjj:  to  nonmanufacturinj^  sinct^  th(^  late 
19HOs.  (SiH'  fij^nire  ?A.)  This  shift  revtM'ses  the  prior  ti'end 
in  relative  shares:  Between  1950  and  1967.  the  rat(^  of 
StSirK  job  }i[r()wth  in  manufacturinj^  industrit^s  excet^dt^d 
that  in  nonmanufacturinu.  This  station  deliiu^ates  other 


in  this  section,  "jjrivate  industry"  d(»es  not  ineludi'  hospitals  and 
otiier  iu'allli  seivio's.  nieiiil)ersiii|)  orKanizaliuns.  and  other  nonprolil 
industries. 


Figure  3-1. 

Distribution  of  science  and  engineering  jobs 
in  private  industry 
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SOURCES:  1967:  Science  Resources  Studies  Division.  National  Sci- 
ence Foundation.  'Services  Led  in  Private  Industry  Growth  in  Science/ 
Engineering  Jobs."  NSF  88*304  (Washington.  DC:  NSF.  1986);  and 
appendix  table  3-1. 
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spt'cillc  growth  ami  occupation  trends  within  these  two 
industrial  sectors.  * 

Manufacturing  Industries 

About  2()0,()()()  scientists  and  HOO.OOO  engineers— 52 
p(TctMU  of  tht*  total  industrial  S&I^  labor  force — wi»re 
tMuployed  in  manufacturing  industries  in  1989.  Durinj^ 
the  (MKhtit»s»  S&K  employment  ^rvv/  in  most  manufactur- 
ing industries  at  an  average  annual  rate  of  3.2  percent. 
HiKh-ttrh  manufacturing  industries,  particularly  the 
aerospace  industries,  accounted  for  much  of  the  mainte- 
nanct*  and  incri^ase  in  the  sector  s  S<S:K  job  jji'^wth.  (See 
chapt(*r  (),  ''Performance  of  New  Hiyh-Tech  Companies," 
p.  158.)  Factors  contributing  to  the  jjeneration  of  high- 
tech employment  included 

•  Incri^ases  in  defense*  spending. 

•  (ireater  foreij^n  technological  competition, 

•  Pressure  to  increase  productivity. 

•  Hij^h-technoloKy  capital  investment,  and 

•  hicreased  KiiCrl)  expenditures. 
(NSF  1988a,  p. ;:;.) 

Growth  in  S&E  Versus  Non-S&E  Employment. 

The  rt^lative  j^rowth  rates  in  employment  of  S&K  and 
non  SiK:K  persomu^l  in  manufacturing  industries  have 
varit^d  substantially  durin^^  the  eighties,  particularly  dur- 
ing Ihv  1981-82  rect^ssi(>n.  {See  figure  While  total 
manufacturing  employnuMit  dtrlined  at  an  average  rate 
of  perctMit  pt^'  yi»ar  betweiMi  1980  and  198;{,  the  num- 
ber' of  S&K  positions  in  this  sector  rose  by  over  ?}.{)  pin'- 
cent  \)vy  year.  Both  S^SiK  and  total  manufacturing 
employnuMit  reboundt^d — by  4.4  and  0.9  percent,  respec- 
tivt^ly—bt^twt^en  198:5  and  198().  The  198(>89  changes 
wtM't*  a  2.;^ptTcent  averat;e  annual  increase  for  S&K  posi- 
tions and,  a^ain,  less  than  a  1-percent  increase  per  year 
for  all  employees.  In  1989,  S&K  positions  repr(\siMited 
slightly  mor  *  than  5  percent  of  all  manufacturing  jobs. 

Employing  Industries.  In  1989,  thi»  manufacturing 
induslrii^s  i»mployinK  the  largest  numbers  of  scientists 
and  enjiint^Ts  were 

•  Aer()spaci\  with  18;^,()()()S«v::K  jobs; 

•  Instruments  and  n^lated  products,  K^7,()()0; 

•  Chtiuicals  and  allied  products,  li;^,()()();  and 

•  OUVt  and  computing:  eciuipment,  97,000. 

(Stu-  figure  \\'?u) 

The  strtor^s  largest  Sc^K  employer,  the  aerospace 
industrx .  experienced  fairly  rigorous  growth  in  its  Sc^'K 
employment  Ihrouyhont  the  early  and  mid-19iS'!s,  before 
lallinK  off  in  the  latter  i   n  ol  the  decade.  I5etween  1980 

"^iVl  Ol  I  ii)).iti(H)iil  (liitii  (liN'Missrd  it)  lliis  section  arc  limited  to 
Slaiidanl  hidiistrial  Classilkalioii  iiulusttT  ^^roui^'ti^s. 
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Figure  3-2. 

Index  of  job  growth  in  manufacturing  industries 
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and  198:^),  strong  demand  for  U.S.  missiles  and  militaiy 
aircraft  and  consistent  levels  of  space-related  activities 
more  than  offset  dwindlinj^  employment  in  the  pi'oduc- 
tion  of  civil  aircraft.  These  factors  allowed  Sc^^K  employ- 
ment to  lise  at  a  rate  of  5.3  pcrc(Mit  per  year.  The  aero- 
space industiy  experienced  even  more  robust  S&K  job 
growth  in  the  mid-(M^hties.  with  th(»  number  of  S&H 
positions  increasing:  by  more  than  10  percent  annually 
between  1983  and  198().  This  jji'owth  was  buoyed  by  con- 
tinu(*d  expansion  of  militaiy  orders  and  the  production 
of  hr^^e  commercial  aircraft.  More  rect^ntly.  from  1986  to 
1989.  annual  S&K  job  growth  slowed  to  2.1  percent, 
reflecting  declining  defense  budi.a»ts  in  the  United  States 
and  other  developinj^  countries  and  the  attendant  n^duc- 
tion  in  military  procurements  of  aircraft  and  missile  sys- 
tems (ITA  1990.  p.  25-1). 

Nonmanufacturing  Industries 

The  nonmanufacturing  sector  provided  jobs  for  an 
estiinated  92(M)()0  scientists  and  engineers  in  1989.  or  48 
percent  of  total  industrial  StJCrK  employment.  (See 
appendix  table  3-1.)  The  majority  of  the  sector's 
(Miiployei  s  wen^  en^iiKu^rs — 543.000,  versus  375.000  sci- 
entists. Most  of  thes(*  scientists  and  engineers  wer(*  in 
the  service-pnxhicinK  industrii»s;  a  small  proportion 
were  in  mining  and  construction.  S&K  employment  in 
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iionmanufacturinK  iiulustrii.»s  increased  substantially 
during  the  eighties.  This  increase  can  be  attributed  to 
two  main  factors: 

•  A  Kreatei*  share  of  the  total  jobs  in  the  nonmanufac- 
turing  sector  were  held  by  S&E  personnel  in  1989 
versus  1980;  and 

•  The  nonnianufacturing  sector,  unlike  the  manufac- 
turing sector,  experienced  geiuTal  economic  growth 
with  attendant  increases  in  overall  total  enipl  '^^nient. 

Growth  in  S&E  Versus  Non-S&E  Employment 

Overall,  total  employment  in  nonmanufacturinjj  indus- 
tries grew  at  an  average  annual  rate  of  percent 
between  1980  and  1989,  while  tin*  number  of  S&K  jobs 
increased  on  average  by  4.5  percent.  The  proportion  of 
the  nonmanufacturing  workforce  in  S&K  positions 
increased  during  this  time  from  1.4  percent  of  total 
employment  to  LT)  percent. 

Although  S&K  job  opportunities  in  nonmanufacturing 
increased  substantially  over  the  decade,  growth  was  not 
uniform  over  time.  Despite  the  recession,  moderate 
growth  characterized  the  1980-83  period — 4.5  percent 
per  year  on  average.  l>osses  of  S&K  jobs  in  the  mining 
and  construction  industries  contributed  to  a  lowering  of 
the  overall  annual  rale  of  S&K  job  gi'owth  in  the  nonman- 
ufacturing sector  to  S.O  percent  between  1983  and  1986. 


Figure  3-3. 

Industry  distribution  of  science  and  engineering  jobs 
in  manufacturing  sector:  1989 


Science  and  engineering  jobs 
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SOURCES  Bureau  of  Labor  Slatisticb  Occupational  Employment 
Statistics  Surve^  $,  and  appendix  table  3- 1 
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Figure  3-4. 

Science  and  engineering  jobs  in  selected 
nonmanufacturing  industries 
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AvtM'ajjo  annual  S&K  job  jjrowth  rebounded  to  \)vv- 
cvn{  for  {hv  198(>K9  period,  primarily  because  increased 
S^K  job  oppoilunities  in  the  Hnancial  services  and  busi- 
ness and  related  stM^iees  industrii^s  offset  the  continuinjj 
losses  in  mining  and  constmction,  (See  figure  ;V4.) 

Employing  Industries.  Thv  major  nonmanufacturing 
industries  in  terms  of  S&E  employment  in  19H9  were 

•  Engineering  and  architectural  services,  with 
201,()()()  S&E  jobs; 

•  Business  services.  14(M)()(): 

•  Financial  services,  1?j4,()()();  and 

•  Computer  and  data  processing  services,  125,000, 

Together,  thest*  industries  providt^d  two-thirds  of  all  S&E 
jobs  in  th(*  nonmanufacturing  s(rtor.  (See  figure 
However,  two  industries  are  of  particular  interest,  the 
first— engiiu  ering  and  architt^lural  services— becaust* 
of  its  position  as  the  largest  providtT  of  S&E  jobs  in  the 
nonmanufacturing  strtor  and  thc^  scrond — computer 
and  data  processing  servici^s — because  of  its  phenome- 
nal job  growth  ov(M*  tlu*  deca(h\ 

S&E  employir.ent  in  oiffincrring  and  architectural  ser- 
rices  incrtnist^cl  by  mort^  than  (>()  peretMit  btlweiMi  1980 
and  1989  to  over  200,000  persoiuu^l  'Hie  number  of  S&E 
l)()sitions  in  this  industiy  rose  at  an  av(»rage  annual  rate* 
of  r).4  i)erctMit  over  the  decade.  Most  of  this  growth 
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Figure  3-5. 

Industry  distribution  of  science  and  engineering 
jobs  in  nonmanufacturing  sector:  1989 


Science  and  engineering  jobs 
N=:  920,000 


SOURCES:  Bureau  of  Labor  Slalistics,  Occupational  Employment 
Statistics  Surveys;  and  appendix  table  3-1 . 
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occiinvd  in  tlu*  early  (M}^lili(*s  as  a  r(*siill  of  slroii}^ 
^I'ovvlh  ill  clciiiaiKl  for  t^iifjineerinj^  scM'viccs  by  [he  con- 
struction indusii^.' 

'Hv *  cxlraordinaiy  S<!C!  Iv  job  .ijrovvlli  in  computer  and  data 
proce^^hifl  services — an  avi  raj^c  IH.I  pcM'cc  iil  pcM'  yt\u' 
bclw(rn  1980  and  1!)89 — occiirnHl  in  response  to  llic  I'cvo- 
lulion  in  Information  liTlinoloiLjics  and  llie  stron}^  demand 
for  information  seivices.  Tlie  indiistiy  also  includes  com- 
puter software*  desij^ni,  an  industry'  segment  (bat  bas  exp(*- 
riencc^d  major  j^rowtb  as  new  juetbods  of  d(*liv(MMn}^  infor- 
niation-n^lated  services — e.}^.,  iocal  iirea  networks  and 
(electronic  data  intercban^e  netwoi'ks — bave  hvvn  devel- 
opinl.  Ddiiand  f(U'  tlu^se  and  related  semces  bas  r(*sult(*d 
in  an  incn^asi*  in  tlu^  ninnber  of  S(!iK  positions  \v  ibe  com- 
puter and  data  procissin}^  services  indus*iy  from  41,000  in 
1980  to  125,000  in  1989. 

Occupations 

hi  the  ei}^liti(S,  tlie  manmactVinnK  sector  r(Miumi(Hl  tlie 
priniaiy  source  of  employnUMit  for  enj^ineiM's,  wbib*  sci- 
entists continiK^d  to  fmd  nior**  jol)  opportunitit^s  in  tlie 
nonmanufacturing  sector,  Nonmanufacturinjij  indiistric^s 
inci'eased  their  share  of  total  science  jobs  from  (v5  to 


''\\)\'  cxaniplr.  llic  scrvin's  ol  I'ivil  ciuriiiccrs  were  rccujircd  lor  llir 
(Irsi^Mi  and  roii^lnKMioii  ol  ti\ms|M)riali<in  sysicnis,  walcr  icvourn'  and 
disposal  sysii'ins.  jiiid  cnvironiiicntal  roiurnl  and  waslc  inanaKfincnt 
sysldns. 


pcM'cent  (lurin}^  tli(*  (Mj^litics,  while  the  proportion  of  enjii- 
n(M'rin?4  jobs  in  this  scvtor  increased  from  \\\)  percent  to 
slightly  over  40  pcMVcMit.  ConvcM'sely,  iiiaiiufacttirinK 
industries'  share  of  total  science  jol)s  fell  iVoni  1)7  to  \\\ 
percent,  while  the  proportion  of  enjj[ine(M'in}j:  jobs  in  this 
sector  increased  from  HO  to  (il  percent.  By  occupational 
specialty,  however,  maiuifacturiiuj  and  iioniiianulacttir- 
iiiK  industries  showed  similar  i)atterns  of  ScK'lv  (Mii|)l()y- 
iiKMit  in  1989.  (See  fi}j[ure  0-9  in  Overview.)  l^iiiploynienl 
trcMids  in  tin*  larjic^st  of  these  occupational  specialties — 
the  comptitei"  speciaitic^s  and  (^ectrical/electronic  en^i- 
neeriiiK— are  described  below. 

Computer  Specialists.  The  computer  si)ecialtic»s 
dominated  science  (Miiploynient  Ki'owth  (hiring  tin*  eif^ht- 
ies.  Between  1980  and  1989,  the  number  of  jobs  for  com- 
puter specialists  fjrew  almost  7  peivent  ptM*  year,  rising 
to  an  eniDloynient  level  of  ;^18, ()()().  (S(v  fij^nire  O-IO  in 
Overview.)  Reprc^sentiiiK  more  than  half  of  science* 
employnuMit  {growth  in  private  industry,  job  opportuni- 
ties in  this  occupation  benefittc^d  from  the  rapid  expan- 
sion of  [he  computer  s(M'vices  indu.Vi'y  and  tli(*  increas- 
ingly f^i'^'ater  industrial  coiiiputf  r  us(\  This  increased 
(!(Miiand  was  met  by  an  int(M'disciplinai7  su|)ply  of  work- 
(M's  abh*  to  meet  job  qualifications.  Computer  specialist 
jobs  could  be  filled  by  persons  trained  in  mathematics, 
eiiKMiu^eriiif^,  and  other  ScK:K  fields  as  well  as  by  those 
sp(*cifically  trained  in  the  coniput(M'  sciences.  Non- 
manufacturin}^  industries  provided  more  than  two-thirds 
of  the  job  opportunities  in  this  occupation  in  1989,  pri- 
marily in  the  financial  services  and  computer  and  data 
processing  services  industries. 

Electrical/Electronic  Engineers.  Jobs  in  electri- 
cal/(4(*cti'()nic  enKineeriiiK  incn^ased  at  an  averaj^e  rate  of 
more  than  5  i  .M'cent  per  y(*ar  bdwecMi  1980  and  1989.  A 
total  4;)<).0()0  electrical/electronic  engineers  in  1989  made 
this  the  larj^est  St^K  occupational  specialty.  Manulac- 
tiu'in}^  industries  provided  approximately  tlii'(*e-fiftlis  of 
tlu^  industry  jobs  in  this  discipline,  largely  in  the  electri- 
cal and  electronic  equipment,  transpoilation  equipiiKMil, 
and  instiiuiieiits  and  relattnl  products  industries.  Amon}^ 
nonmanufacturing  industries,  busiiK^ss  :  'M-vices  and  eii^i- 
lUHM'm}^  and  arcliit(*ctural  services  W(M'(*  tin*  pi'imary 
soui'ce  of  electrical/electronic  euj^ineeriiif^  jobs. 

S&E  Jobs  in  R&D 

I)urin,tj  the  1980s,  KcKrl)  enii)loym(Mit  opportunitii^s 
increased  for  industrial  scientists  and  (Mif^itu^ers.  Two 
kc*y  factors  prin.iarily  accoiuittnl  for  this  incnnise,  which 
()ccurr(*d  in  both  manufacturiii}^  and  nonmanufacturing 
industries: 

•  luiierf^in^'  technohiKy  industries  (se(*  chapter  (), 
'*T(vlinol()}^i(*s  for  I'ulin^e  Compditiveiiess,"  |),  1()0) 
en}^'a,ii(Hl  in  increasing'  lev(4s  of  RcKrl)  activity,  and 

•  Competitive  presstu'es  propelled  U.S.  c()iiipani(*s  to 
improve  and  update  product  desi^Mis  nion*  rai)idly 
than  in  the  past. 
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Manufacturing  Industries,  lii  WW  ihc  inaiuiractuiiiiK 
scvtor  provided  iiion*  lhaii  twict'  as  many  RcVrl)  oinploy- 
iiUMit  oppoiluiiities  lor  tMi^iiH^ers  as  for  scientists — 78.()()() 
versus  '  Of  the  euKiiieeriiiK  RcVil)  positions  in  niaii- 

ufaeturiiiK  industries,  42  perccMit  Gili^OOO)  wcmv  in  eleelri 
cal/electronic  enjiineerin^^  (including        jobs  in  com- 
puter enfiineciinji)*  KiiKiiuvrs  also  found        job  oppor- 
tunities in 

•  Mechanical  enKiiH^eriiiK  (9,()()()). 
«  Chemical  enjiineerinK  (7,()(H)), 

•  Aeronautical  enKineerinji  ((\()()()),  and 

•  Industrial  enjiineerinK  (2,()()()). 

Almost  22,()()()  K&I)  jobs  were  located  in  other  euKiiuvr- 
iuK  specialties. 

The  proportion  of  en^nneiMMnj^  jobs  in  manufacturinti: 
that  prii'.iarily  involvi*  Rc^I)  work  diffen^d  Kivatly  by  sub- 
neld,  (See  fij^ure  'Mx)  In  1989  about  10  perctMit  of  the 
H04,()()()  total  eiiKineeriuK  jobs  in  manufacturing  were  in 
K&l).  Chemical  eiiKineerinK  accounted  for  tin*  largest 
proportion  of  k<S:l)  work  (19  percent);  industrial  iMiKineer- 
inji  accounted  for  the  smallest  proportion  (2  percent). 


As  usrd  liiTi'.  \<^\)  si  iiMKisls  iiiul  iMiKitU'iMs  rctrr  U)  lliosc  wlio 
"^lu'iid  tlu'  Kri'atiT  pari  ot  llu'ir  work  liiiu'  on  rcscaivh  aiul  di'Vi'loj-* 
nifiil." 


Figure  3-6. 

Engineering  jobs  in  manufacturing  that  primarily 
involve  R&D,  by  field:  1989 


TOTAL 
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Industrial 
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See  appendix  table  3*2. 
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Four  industries  provicU^l  80  piMVcMit  of  the  (MiKiniuM*- 
iiiK  Kt^l)  jobs  in  inanulacturin^ti:  in  Transportation 
e(|uipnuMU  (Miiployed  2^)  pcMctMit  of  the  Kc^l)  (MiKincers; 
nonelectrical  machinery,  21  percent:  electrical  niachin- 
eiy.  18  ptMvent;  and  insti'unienls,  17  percent,  'lliesc*  four 
industries  also  enipl()y(Kl  about  80  percent  of  the 
non-Kt^l)  engineers,  in  almost  the  same  proportions  as 
of  eiiKineiM's. 

llin^e  occupational  Kn)ups  accounted  lor  almost  all  ol' 
the  manufacturing  1^*^^1)  jobs  for  scientisis; 

•  Physical  scientists  (56  percent), 

•  Life  scientists  (30  percent),  and 

•  Computer  specialists  (12  percent). 

()v(M'  1)0  i)ercent  of  the  12,000  KcKiD  jobs  for  life  scienusis 
were*  in  chemicals  and  allied  products  industries,  as  wcnv 
7()  percent  of  the  21,000  Ki^l)  jobs  for  physical  scientists. 

Nonmanufacturing  Industries.  In  the  nonmanufac- 
turinK  sector  in  1987,  RcVil)  job  opportunities  were  slightly 
higher  for  engineers  (40,000)  than  for  scientists  (34,000)." 
Pi'actically  all  liisil)  positions  (1)7  percent)  were  located  in 
business  and  related  sc^rvices. 

Unlike  the  manufactiirinK  seclor,  the*  KtVrl)  jobs  for  sci- 
entists in  this  scrtor  were*  distributed  across  all  the  major 
occupational  j^n'oups,  as  follows: 

•  Physiccd  scientists,  10,000  jobs; 

•  Comi)ut(M' sptvialists,  10,000; 

•  Life  sci(Mitists,  8,000; 

•  Mathematical  scitMitists,  3,000;  and 

•  Soc^:il  scientists,  3,000. 

(Set*  fiKun^  ;>-7.) 

Al)proximalely  90  perctMil  of  thi*  RcKil)  jobs  for  physical 
scientists  and  70  ptMVent  of  those  for  computcM'  special- 
ists were  in  the  business  services  indiistry  (i)riniarily 
computer  and  data  proctssin^  st*:vices  and  commtMvial 
R&I)  labs).  RcKrl)  jobs  for  life  scientists  W(mv  divided 
between  business  sei-vices  (53  percent)  and  miscella- 
neous sei'vices  (47  perc(Mit). 

About  half  (21,000)  of  the  eiiKineeriiiK  luKrl)  jobs  in  the 
nonmanufacturintj  sector  wtM'e  in  electrical/tdectronic 
enKiii'^t'i'iiiK  Ih^^*  remaining  RcSil)  jobs  were  distributed 
as  follows: 

•  Mechanical  eiiKineeiinK*  7.000  jobs; 

•  Aeronautical  eii^^ineerinj^,  1,000; 

•  Civil  enKineeriiiK,  1,000;  and 

•  Industrial  cnKnnetM'iiiK.  1,000. 

Almost  9.000  jobs  were  located  in  other  tMiKint^er- 
iiiK  specialties. 

This  is  the  lalcsi  year  for  whirh  dala  ari'  available;  nuiubi'is  arr 
rouiuled  lo  the  iicari'st  IhoiisamI 
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Figure  3-7. 

Distribution  of  science  and  engineering  R&D  jobs 
In  nonmanufacturing,  by  occupation:  1987 


Scientists 
N  :=  34,000 


Aeronautical/ 
astronautical- 

Industrial -3% 

Engineers 
N  :=  40,000 

SOURCE:  Bureau  of  Labor  Statistics,  Occupational  Employment 
Statistics  Surveys. 

Science  &  Engineering  Indicators  -1991 

Approximately  two-thirds  of  Ihv  vn}i,\uvvr\nR  Rtfcl)  jobs 
in  the  nonnianufacturitiK  sector  in  1987  weiv  locatt^d  in 
business  st^rvires,  with  inisa»nan(H)Us  seto^ices  providing 
th(*  i'(MiiaininK  one-third  of  th(»  R&D  jobs.  This  distribu- 
tioa  was  uniionn  across  most  enKine(»rini?  occupations, 
witji  the  exception  of  mechanical  enfjineerinK.  Api)r()x- 
imately  80  pcMVent  of  thest^  K&l)  jobs  wer^*  located  In  the 
business  services  induslr>\ 

Demographic  Trends:  Recent 
S&E  Graduates 

R(»c(Mit  St'CrK  K»*'t^hiat(»s  form  a  key  coinpontMit  of  tlu* 
Nation  s  science  and  (mfjincvinuK  workforce*:  they  account 
for  almost  half  of  the  annual  inllow  into  the  vS&K  labor 
mark(»t  (SRS  199()a.  \y  40).  'Hk*  career  choices  of  \vcvn\ 
graduates  and  their  (»ntry  into  the  labor  market  afftrt  tin* 
balance  between  the  supply  of  and  the  dcMuand  for  scien- 
tists and  (Mi^intH^rs  in  die  Unitt»d  Slates,  i^^v  '*Sui)i)ly  and 
Demand  OuUook  for  ^^li  Personnel."  pp.  7^)-83,)  Analysis 


of  th(*  workforce  status  and  other  characteristic's  of  recent 
S&K  jiraduates  can  yield  valuable  labor  market  informa- 
tion.' 'lliese  data  hav(»  been  used  by  K<>vemment  poMcy- 
makcM's  to  deteniiine  the  hovels  of  su,)p()rt  for  education  or 
()tlu»r  governmental  programs,  by  employers  as  an  input 
to  staffing  d(*cisions,  by  educators  to  forecast  enrollment 
patterns,  and  by  students  in  making  career  choices. 

This  section  provides  several  labor  market  measures 
that  offer  useful  insi^'hls  into  the  overall  supply  and 
demand  conditions  for  recent  S&K  jjraduates  in  the 
United  States.  Amonff  these  measures  are  median  annual 
salaries,  unemployment  rates,  S&E  employment  rales, 
and  in-field  employment  rates. 

Market  Conditions 

Upon  Ki^aduation.  new  S&K  bachelors  and  masters 
decree  recipients  must  choose  whether  to  enter  the  job 
market  or  continue  their  education.  In  19fK).  three-quarters 
of  these  recent  S&K  (k^^'n^e  recipients  were  employed  on  a 
lull-time  basis.  'iTie  majority  were  employed  in  S&K  occu- 
pations: More  masters  recipients  than  bachelors  recipients 
were  reported  as  so  employed.  A  v(*ry  low  number  of 
rtvent  S&K  {graduates  (?i  percent  of  bachelors  and  2  piT- 
cent  of  masters  de^^ree  graduates)  were  unemployed  and 
activt^ly  looking'  for  jobs.  (St*e  fi^'ure  Of  those  reci'pi- 
ents  of  S&E  def^rees  who  were  not  in  the  labor  force  1  or  2 
years  after  graduation,  m.osl  (20  percent  of  bachelors  ^ad- 
uates  and  22  percent  of  masters  graduates)  were  full-time 
^^raduate  students. 

Median  Annual  Salaries' 

Median  annual  salaries  of  recent  S&K  ^^raduates  serve 
as  an  excellent  indicator  of  the  relative  demand  for  new 
workers  in  various  S&K  fields,  llie  median  annual  salary 
report(*d  by  recent  S&K  haccalaun^ate  recipients  was 
82(M)00  in  1990;  at  the  S&K  masters  decree  level,  the 
median  salary  reported  was  $37,000.  (See  text  table  3-1.) 
Historically,  the  annual  salaries  of  rec(»nt  (MiKine(M*inK 
decree  recipients  have  birn  hi^lier  than  those  of  jifradu- 
at(*s  with  science  decrees.  Accordin^jly.  in  1990,  baccalau- 
reate enfrinecM'infi  dej^ree  n»cipients  reported  a  m(»dian 
annual  salary  of  $33,000;  their  science  counterparts 
n^poiled  a  iiK^dian  annual  salai7  <>f  $23,000,  Amon^'  mas- 
ters decree  recipients,  the  median  salaries  wctc  $41,400 
and  $33,800  for  enKineeriuK  and  science,  respectively. 

By  Field.  Amonjj  science  fiuds,  there  was  consider- 
able variation  in  median  salaries.  Recipi(Mits  of  bach<»lors 
V  u\  masters  de^Mves  in  the  computer  sciences  had  much 

Data  for  tills  scrlioii  an*  ivnm  \hv  H):K)  Simtcv  oI  Rn  cwl  Scit'iin-, 
Sijcial  Sricnrc.  and  i'.tiiiiiu^critiK  (irafliial('s.  This  survey  cullcctcMl 
inlortnation  on  the  WMf  workforo'/ollirr  status  oi  liWH  and  VM)  barit- 
dors  and  masters  dtwcc  recipients  in  S^-K  fields.  Sin^eys  of  recent 
St^'l!  eraduales  liave  hwn  cnndncled  biennially  for  the  National 
Science  I'Oinulalion  by  the  Instiluie  for  Survey  Kesenrcb.  Temple 
I'nivrrsity.  For  infoniiation  on  standard  errors  associated  with  sur\'ey 
data,  see  SRS  {lotlbconiitiK). 

^Median  annual  salaty  is  that  ol  full  tinie  employed  civilians  rounded 
to  (be  nearest  SUM). 
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Figure  3-8. 

Transition  of  recent  science  and  engineering  degree  recipients:  1990 
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See  appendix  tables  3-a  3-4, 3-7.  3-10.  and  3-11. 
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larKiM'  nu'dian  annual  salaries  than  did  other  science* 
degree  recipients.  The  next  hij^du^st  median  salaries 
wtM'e  reportc^d  by  n^cipients  of  di^grees  in  the  physical 
sciences.  The  lowest  mi  dian  annual  salar>^  at  the  bac~ 
calaur(*ate  level  was  reported  by  recii:)ients  of  psycholofiy 
degrees:  the  lowest  such  salaiy  at  the  masters  level  was 
received  by  n^cipients  of  )ife  science  def(r(»es. 

With  the  exception  of  civil  iMigineerin^r,  median  annual 
salaric^s  among  engineering  subfields  were  fairly  uniform 
at  both  the  bachelors  and  masters  degrei*  U»vels.  Median 
annual  salaries  n^ported  by  civil  engineering  degree 
recipients  were  significantly  Iowim'  than  for  other  iMigi- 
ne(M'ing  subfields  at  both  the  bachelors  and  masters 
degrei*  hwels. 

Growth  in  Salaries.  During  the  eighties,  median 
annual  salaries  rose  at  an  averagi*  amuial  rat(*  of  5.4  piM- 
cent  for  bacdielors  dc»gre(»  recMpliMits  and  5.9  piMVeiit  for 
masl(M's  degn»e  recipients.  Salary  growth  was  not  uni- 
form throughout  the  (l(»ca(U\  howi»vcM'.  (S(M»  figure 
H(»tW(HMi  198()  and  1990.  median  salari(*s  foi*  badudors 
di^grcu*  n^cipients  incri»asi*d  at  an  aviM'agt*  annual  rale*  of 
less  than  1.0  pcM'cent.  while  mcMlian  anniuii  salaries  for 
masters  (h^grec*  recipiiMits  rose  at  an  average  rati*  of;!.:^ 
piTcent  annually. 


Text  table  3-1. 

Median  annual  salaries  of  recent  science  and  engi'- 
neering  graduates,  by  degree  level  and  field:  1990 

Field  Bachelors  Masters 

Total  science  and  engineering   $26,000  $37,000 

Total  sciences   23.000  33.800 

Physical  sciences   25.100  34.900 

Mathematical  sciences/statistics  .  .  23.600  32.800 

Computer  sciences   30.100  42.100 

Environmental  sciences   23.700  33.800 

Life  sciences   21 ,000  26.900 

Psychology   18,600  32.000 

Social  sciences   21.900  31.000 

Total  engineering   33,000      41 ,400 

Aeronautical/astronautical   34,800  46,500 

Chemical   35.100  40.200 

Civil   30.100  35,200 

Electrical/electronic   34.000  46,500 

Mechanical   34,000  42.100 

See  appendix  tables  3-6  and  3-6. 
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Figure  3-9. 

Median  annual  salaries  of  recent 
science  and  engineering  graduates 


Bachelors 

Masters 

1980 

$15,300 

$20,900 

$50,000 

1982 

20.000 

27.200 

1984 

20.900 

.'8.000 

1986 

25.000 

0.^.500 

40,000 

1988 

25.100 

34.900 

1990 

26.000 

37.000 

30.000 

20,000 

Masters  graduates  - 


10,000  ^  ^  '  ^ 

1 980       1 982       1 984       1 986       1 988       1 990 

SOURCE:  Science  Resources  Studies  Division,  National  Science 
Foundation,  unpublished  tabulations. 
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Salaries  for  Women  and  Minorities.  In  \W0,  tin* 
nuHlian  annual  salaries  of  recent  leinale  baccalaureate^ 
recipients  employed  as  scientists  and  en^nneers  m^vc 
approximately  percent  of  tlie  salaries  of  tluMr  male 
C()unten)ai1s.  Much  of  this  difference  is  cku*  to  the  con- 
centration of  wonuMi  in  relatively  low-payinj^  SiVcl'-  fields 
such  as  psychology  and  tlu^  life  sciences  (SRS  H)i)()b). 

By  racial/ethnic  Kt'<>tip.  new  Asian  baccalaureatt^ 
r(ripi(Mits  reported  a  median  annual  salary  of  S;!(;»v)()()  in 
this  was  almost  IT)  percent  hi^iher  than  tlu^  salary 
reported  by  whitt^s  (820.100).  Hispanics  (825.100), 
blacks  (82i.O()()).  and  Native  Americans  (821.900^  all 
reported  median  salaries  below  that  of  whitt^s.  At  tlK* 
masters  di^^M'ee  h^vi^l.  the  nuulian  salary  for  Asians 
(S;{r)»^)00)  was  approximat(dy  the  sanu*  as  for  other 
minority  groups,  althouj^h  less  than  for  whites  (8»^)7»r)00). 

Unemployment  Rates 

A  standard  measure*  of  labor  market  conditions  is  tin* 
unemployment  rati\  which  nuNisures  the  proportion  of 
those  in  tin*  workforce  who  are  not  employed  but  ar(* 
seekinj^  work.  A  hi^h  unem!)l()yment  rate  may  indicati* 
that  tin*  sup!)ly  of  S(K:K  ^i^raduates  is  more  than  sultlcieMit 
to  market  diMiiands.  A  low  uiUMiiployimMil  \vU\  on 
the  other  liand.  may  indicate  that  the  dtMiiand  for  j^radu- 
ates  excivds  their  supply  in  the  marketplace. 

In  the  unempU)ynKMit  rat(*  rc^ported  by  ri^ciMit 
SiK:K  ^raduati^s  was  WA  perc(Mit  amonj^  baccalaureate 
di'^ree  recipiiMits  and  1.8  p<MViMit  for  mastiM's  di^j^rei* 
n^cipients.  IJy  comparison,  the  ovcM'all  uiUMiiployinent 
ral(*  in  tin*  I'nited  States  was  perc(Mit  in  1090  and  LO 
percent  for  professional  workiTs  (BLS  1091,  p.  17  t)/nie 
untMuployment  rates  for  wcvni  SiJiM  ^raduatc^s  in  1990 
wer(*  higher  than  comparable  rates  reported  in  1988. 


S&E  Employment  Rates 

Tin*  SiKiK  employment  rate  measures  the  extent  to 
which  employed  scientists  and  (Mi^nnetMs  hav(*  Sc^cK  jobs. 
K(*as()ns  for  non-S^Jvl:  employnuMit  includt*  lack  of  avail- 
al)l(*  SiK:K  jobs.  hi^duM*  pay  for  noii-SiKiK  employment, 
location,  or  pnMercMKH*  for  a  job  outside  of  SfSiK. 

In  1990,  approximately  02  ptMvent  of  wcvni  S^ScK  bach- 
(Oors  decree*  recipients  and  89  ptMVent  of  recent  ScK:K 
masters  (U^^nvt*  rtripients  were  (Miiployc^l  in  scicMice  and 
enKiiHHMiiiK  jobs.  S6cK  (MiiploynuMit  rates  for  wcvni  bach- 
triors  decree  recipients  were  lower  than  thosi*  for  masters 
(li\iiriH*  recipients  across  almost  all  fields,  although  there 
was  considerable  variation  in  rates  by  lu^ld. 

In  the  sciences,  28  perc(Mit  ef  social  scicMice  and  'M) 
piMVent  of  |)sych()l()^^y  1)  ^calaurt^ate  recipients  worked 
in  jobs  related  to  science  or  (Ml^^n(HMin^^  In  contrast, 
almost  88  ptMwnt  of  the  peopU*  holding  computer  sci- 
ence baclu^lors  decrees  and  85  ptMTent  of  those  with 
physical  science  and  environmental  scicMice  de^rec^s 
were  employed  in  SiVcK  jobs.  Hn^niu^eriiiK  rates  did  not 
vaiy  as  much  by  subfii^ld.  With  sonu*  minor  exceptions, 
more  than  90  piMvent  all  (Mi^dnetM'in^^  de^nve  ^n^adu- 
ati^s — both  at  the  bachelors  and  masters  decree  levels — 
were  (Miiployed  in  S<!iK  jobs  in  1990.  Bachelors  dt^^t'^'^*- 
holders  in  aeronautical/astronautical  (Mi^nnt^'rinK  (82 
percent)  and  badu^lors  and  masters  deKret^-holders  in 
industrial  engineering  (85  percent  and  79  percent, 
ri^spectively)  were  the  exceptions  to  this. 

In-Field  Employment  Rates 

Many  recent  SiVcIC  ^raduatt^s  find  jobs  directly  i  'latc^d 
to  tluMr  dt^^nve  fit^lds,  although  it  is  more*  common  for 
mast(Ts  dt^^nUH*  recipients  than  for  badu^lors  dc^^i'^'^' 
rt^cipients  to  do  so.  In  1990.  59  i:  -rctMit  of  masters 
dt^^MH^e  rt^cipients  and  158  ptM'cent  of  bachelors  de^t'ci* 
rt^cipients  were  (Miiployed  in  fields  dirt^ctly  relattul  to 
th(Mr  de^reis.  (Se(^  ti^xt  table  :>-2.)  Regardless  of  de^nve 
It^vel.  the  hi^lust  in-field  (Miiployment  rates  werc^  report- 
eel  by  rt^cipients  of  computer  science,  civil  enKineerinf^. 
and  environmental  science  decrees. 

At  the  badudors  di^Kr^'e  U^vel.  in-field  (MiiploynuMit 
rat(s  raiiK^'d  widish'  from  10  pcMVtMit  for  psychology  to  82 
!)erc(Mit  for  computer  science.  Anions  masttM's  de^mv 
n^cipients,  the  ran^i^  was  much  narrower,  with  44  per- 
cent of  social  sci(MiC(^  graduates  and  over  77  perciMit  of 
coniputiM'  sci(Mice  jjrraduates  employed  in  jobs  associatc^d 
with  their  de^re*^  fields. 

Primary  Work  Ac  ivities 

The  work  aeliviti(^s  of  ri^ciMit  SiKrK  graduates  varii^d  by 
de^rrei^  h^vel  in  1990.  (See  fiKuri^  :M0.).  Bachelors 
di^KHH^  riripiiMits  wnv  mow  \\kc\y  than  masters  de^nvc* 
recipients  to  bt^  tMiiployiMl  in  jobs  orienttul  toward  pro 
diiction  and  inspc^ction,  saks  and  professional  seiviees, 
or  K^Mieral  manaKcinenl.  Masters  de^n*et^  recipients  were 
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Text  table  3-2. 

In-field  employment  rates  of  recent  science  and 
engineering  graduates,  by  degree  and  field:  1990 


Field  Bachelors  Masters 


59.0 

59.6 
43.4 
57.4 
77.2 
69.4 
59.0 
48.1 
43.5 

57.8 


69.1 
57.7 
60.4 


'  2  too  tew  cases  to  report 

See  appendix  table  3*7.        Science  &  Engineering  Indicators  -1991 


moiv  concentrati^d  in  jobs  Ibcusinj^  on  K&I).  K&D  nian- 
aKHMiUMit.  ami  teachiiiu- 

Tin*  priinaiy  work  aclivitic^s  of  ivciMit  S^:K  uniduates 
varied  substantially  by  luld.  At  both  di^ui'^t*  levtds  in 
1990.  lUiKineeriiiK  Ui'aduatc^s  wtMV  nwvc  likely  to  be 
enipk)yed  in  K&I)  and  production  and  inspection;  scienct^ 
dej^ree  r(*cipients  wen*  more  likely  to  be  employed  in 
{general  inaiiaKeinent.  teachin^^  or  a  combination  of  activ- 
ities related  to  reporting,  statistical  work,  and  computing. 
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increased  their  shan*  of  recent  l)achelors  decree  recipi- 
ents in  enuint^erinu  fi'oni  o  pcMVeiit  in  19H0  to  5  percent 
in  1990  and  decreased  tluMr  share*  of  masters  de^M'ee 
j^raduates  in  en^ineerinj^  from  4  to  ?)  percent.  These  lltic- 
tuations  in  Sc^K  employmeiit  can  be  attributed  to  shifts 
in  defense  sptMidin^^Jver  the  decade. 

Industry  has  accounted  for  the  largest  share  of  recent 
ScS:H  j^ruduate  employment.  The  share  of  recent  gradu- 
ates with  masters  decrees  in  enuineerinji  employed  by 
industiy  has  increased  from  76  percent  in  1980  to  78  per- 
cent in  1990.  Conversely,  over  the  same  period,  baccalau- 
reate en>^ineerin>^  recipients  have  declined  in  their  share 
of  industrial  employment,  dropping  from  88  to  78  percent. 
For  science  dej^ree  recipients,  industiy  s  share  of  recent 
{graduates  with  masters  dejjrees  increased  from  40  to  51 
perccMit  between  1980  and  1990.  while  its  share  of  reccMit 
bachek^rs  ck*^!'^*^*  n^cipients  rose  from  58  to  00  percent. 

Demographic  Trends:  Doctorate 
Recipients^ 

In  UKS9.  the  population  of  doctoral  scientists  and  engi- 
neers was  about  48.5,000.  an  increase  of  4  percent  \)vv 
year  since  197'^  when  it  was  almost  :^04,000.  The  annual 


Dnici  lor  this  section  tiri'  Iroiii  the  Niitioiuil  Scirnee  iMmiuitUion's 
.SutTi'v  ul  Dorlorale  Un'iimMils  hienniai  siUTcy  scries.  'Hie  most  recent 
survey  WHS  coiuhicteil  in  \^M),  Vuv  inloniKilioii  on  suiiulard  errors 
Mssocialcd  with  these  survey  data,  see  SRS  (U)H1). 


Figure  3-10. 

Distribution  of  bachelors  and  masters  science 
and  engineering  graduates,  by  primary  woric 
activity:  1990 


Total  Gcience  and  engineering   37.8 

Total  sciences   33.2 

Physical  sciences   35.6 

Mathematical  sciences/statistics ....  39.6 

Computer  sciences   81.5 

Environmental  sciences   56.1 

Life  sciences   38.4 

Psychology   9.9 

Social  sciences   14.1 

Total  engineering   50.7 

Aeronautical/astronautical   48,9 

Chemical   49.6 

Civil   71.1 

Electrical/electronic   53.3 

Mechanical   44.3 


Sectors  of  Employment 

hulustiy  was  the  primai-y  employer  of  new  S^iK  ^M*a(lu- 
att^s  in  1990.  providing?  jobs  foi*  05  percent  of  recent  bach- 
elors decree  recipients  and  00  percent  ol"  recent  masters 
decree  recipients.  Kducational  institutions  employt^l  10 
piTcent  of  bachelors  decree-holders  and  17  percent  of 
those  with  masters  d(*KJ*^'^'^.  (^nly  I  tuMvent  of  recent 
baccalaureate  and  8  pcMvent  of  masters  decree  recipients 
were  eniploycMl  by  the  Federal  (iovernment  in  1990. 

The  cMuploynuMit  distribution  of  reccMit  Sc^l!  >^ra(luat(^s 
by  sector  did  not  change  niarkc^dly  over  the  19K0-9()  ptM'i- 
od.  HowevtM*.  there  wcM*e  sonu*  sectoral  shifts  by  lu^ld  of 
de^i'^H^— specifically,  by  en^im^'rinu  dej^rt^e  rt^cipitMits, 
The  percenta^ie  of  nvent  j^iaduates  with  bachelors  d(^- 
^riH^s  in  en>^ine(M'in>^  employed  by  tlu^  Federal  (tovcmmi- 
ment  increased  from  4  pcMvent  in  19H0  to  ()  percent  in 
1990."  HowevtM'.  the  Federal  share  of  recent  masters 
de^i'ee  I'eeipients  in  this  field  dediiuKl  from  9  to  7  percent 
over  the  period.  State  and  local  {governments  similarly 


Data  lor  laso  are  Iroiu  SKS  (U)8LM. 
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See  appendix  tables  3-8  and  3*9. 
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rate  of  retirtMiient  for  doctoral  sci(»ntists  and  (mikiiuhm's 
increased  from  about  0.5  |)erceiit  betw(»en  1977  and  1979 
to  ().«  percent  duriiiK  the  1987-H9  period.^'  The  effect  of 
this  change  was  a  dramatic  increase  in  the  proportion  of 
the  doctoral  scientist  and  engineer  population  who  were 
retired— a  rise  from  3.2  percent  in  1977  to  5,6  |)ercent  in 
1989.  Most  of  this  increase  occurred  after  1985,  when 
retirees  accounted  for  3.5  percent  of  the  S&E  doctoral 
population.  As  larger  proportions  of  doctoral  S&K  workers 
enter  the  55  years  and  older  age  fjroui),  retirements  may 
bejiin  to  have  a  significant  impact  on  their  supply. 

Retirees  varied  considerably  by  degree  field.  In  1989, 
retirees  accounted  for  between  6.5  and  8.5  percent  of  the 
doctorate-holders  in  the  |)hysical  and  social  sciences  and 
in  chemical  engineering.  Rates  wei'e  much  lower — 3.5  to 
5.1  percent — among  doctorate-holders  in  the  mathemati- 
cal and  environmental  sciences,  psychology,  and  electri- 
cal and  mechanical  engineering.  No  retirements  were 
reporttnl  by  individuals  in  the  computiT  sciences,  a  rela- 
tively new  field. 

Market  Conditions 

The  likelihood  of  scientists  and  engineers  at  the  doc- 
t()rat(*  level  to  enter  the  workforce*  remained  vvvy  high  in 
1989  and  appt^ared  to  ha\  e  been  unaffected  by  swings  in 
the  Nation's  economy  during  the  lat(*  seventies  and 
eighties.  Throughout  the  1977-89  pt^iod,  the  labor  force 
participation  rate  of  doctoral  scientists  and  engineers 
was  approximately  95  percent.  Doctoral  scientists  and 
engineers  had  little  trouble  finding  work  during  this  peri- 
od; their  rc^^orted  unemployment  rate  ranged  from  1.2 
perciMit  in  1977  to  less  than  1  percent  in  1989  (SRS 
1991).  By  contrast,  the  overall  unemployment  rate  in  the 
United  States  was  5.3  percent  in  1989  and  1.7  percent  for 
professional  workers  (HLS  1991).  The  unemploynuMit 
rate  for  sci(*ntists  and  (MiginecTs  at  all  dt^gree  levels  com- 
bined was  1.5  percent  in  1988  (SKS  199()c). 

Employment  Rates 

Kmploymc^nt  of  doctoral  scientists  and  engineers 
rc*ach(Ml  449,(KK)  in  1989,  an  increase*  of  57  perc(MU  (3,9  per* 
cent  per  year)  ovct  1977.  Sinc(*  1983,  however,  employ- 
iiKMit  growth  of  Si^I^  doctorate-holders  has  slowed.  The 
annual  rate  of  increase  for  the  1983-89  p(M*i()d  was  3.3 
p(MVent  per  y(*ar,  compared  to  4.4  percent  annually 
betw(HMil977  and  1983. 

Despite  substantial  variation  within  individual  S<StK 
fields,  the  ovei'all  proportions  of  (nii|)loye(l  doctoral  sci- 
(Mitists  (83  percent)  and  engineers  (17  percent)  have 
remain(Ml  constant  since  1977.  Thi'  higher  pro|)orti()n  of 
science  d()ct()rat(Mu)lders  refl(Tts  (1)  th(Mr  relative  con* 
centi'ation  in  academia  and  (2)  [hv  higluM*  1(^'(*1  of  educa- 
tion needled  by  scientists  (conipaivd  to  engineers)  fr)r 
professional  status. 

•"Ilu*  n'timiuiit  ratr  i*^  tlu'  iinnil)(T  <>1  individuals  wIkj  iclind  diir- 
invr  a  L^-ycai"  iiitciTal  divided  i)y  \\\v  li  lal  popidalion  al  dir  i)(>v:iniiinK  '>! 
Q  'lie  iri!c'r\al— lln'  minibcr  of  individuals  wiio  n  iircd  IjcIwimmi  IWi 
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lid  Uli^^h'xpnsscd  as  a  pcrcciitai^col  ihc  Wi  population. 


WHhin  both  scicMice  and  engineeriiig,  growth  rates  for 
em|)l()yed  doctoral  scientists  and  (engineers  varied  consid- 
erably by  field  over  the  1977-89  period.  (S(»e  figure  3-11.) 
Among  the  sciences,  where  overall  growth  was  appioxi- 
mately  4  percent  per  year,  the  lowest  rate  was  in  the 
mathematical  sciences  (1.6  percent  per  year).  With 
almost  11-percent  annual  growth,  the  cominiter  special- 
ties was  the  fastest  growing  field.  Growth  among  the 
engineering  subfields  varied  within  a  narrower  range. 
Overall  em|)l()yment  of  doctoral  engineers  also  increased 
at  an  annual  rate  of  slighdy  over  4  percent;  by  subfield, 
growth  ranged  from  3.0  percent  per  year  for  chemical 
engineers  to  almost  10  percent  |)er  year  for  aeronautical/ 
astronautical  engineers. 

Thes(^  differing  growth  rates  altered  the  field  distribu- 
tions of  the  S&E  doctoral  workforce  over  the  1977-89 
period.  Among  scientists,  die  proportions  employed  as 
computer  specialists,  psychologists,  and  life  scientists 
increased  while  the  percentages  employed  as  physical, 
mathematical  and  social  scientists  declined,  hi  contrast, 
there  were  relatively  modest  shifts  among  engineering 
subfields.  (See  figure  3- 12.) 

Primary  Work  Activities 

Between  1977  and  1989,  the  number  of  doctoral  scien- 
tists working  primarily  in  K&I)  increased  by  about  60 
percent,  while  the  number  of  their  engineering  counter- 
parts rose  74  percent,  Approxiniate.'v  33  percent  of 


Figure  3-11. 

Annual  rates  of  employment  growth  for  doctoral 
scientists  and  engineers,  by  field:  1977-89 


TOTAL  SCIENTISTS  & 
ENGINEERS 

Total  scientists 

Physical 
Mathematical 
Computer  specialists 
Environmental 
Life 

Psychologists 
Social 

Total  engineers 

Aeronautical/astronautical 
Chemical 
Civil 

Electrical/electronic 
Mechanical 
Other 


See  appendix  table  3-12.    Science  &  Engineering  Indicators  -  1991 

01 


Science  &  Engineering  Indicators  1991 


Figure  3-12. 

Distribution  of  employed  doctoral  scientists  and 
engineers,  by  field 


Percent 

See  appendix  table  3-1 2.       Science  &  Engineering  Indicators  -  1991 


1989,  the  proportion  of  scientists  had  dropped  to  55  per- 
cent and  that  of  engineers  to  under  34  percent.  (See  fig- 
ure 0-11  in  Overview.)  Concurrently,  the  i)roportion  of 
doctoral  scientists  employed  in  industry  increased  from 
20  to  28  percent,  and  that  of  engineers  from  51  to  56  per- 
cent. The  following  paragraphs  further  detail  this  shift 
from  academia  to  industry. 

Educational  Institutions.  Between  1977  and  1989, 
doctoral  S&E  employment  in  educational  institutions 
increased  at  an  average  rate  of  2.9  percent  per  year;  this 
was  about  half  the  6.1-percent  rate  for  industry.  As  a 
result  of  academia's  slower  growth,  the  proportion  of  the 
Nation's  Ph.D. -holding  scientists  and  engineers 
employed  in  this  sector  declined  from  57  to  51  percent. 

The  relative  importance  of  academia  as  a  source  of 
employment  for  S&E  doctorate-holders  varied  consider- 
ably by  field.  Roughly  three-fifths  of  all  doctoral  scien- 
tists were  employed  in  this  sector,  compared  to  about 
one-third  of  all  doctoral  engineers.  Educational  institu- 
tions employed  71  percent  of  the  Nation's  social  science 
doctorate-holders,  61  percent  of  the  Ph.D.-holding  life 
scientists,  and  44  percent  of  doctoral  psychologists. 

(Growth  in  academic  doctoral  employment  also  varied 
by  S&E  field  over  the  1977-89  period.  (St^e  figure  3-14.) 
Doctorate-holding  computer  specialists  increased  at  the 
fastest  rate— an  average  annual  rate  of  almost  10  per 
cent.  Life  scientists  and  engineers  in  all  subfields  regis- 
tered above  average  growth  rates -  3.5  percent  and 


Ph.D.-lioldhig  scientists  and  30  percent  of  doctoral  engi- 
neers reported  basic  or  applied  rc»search  as  their  primary 
work  activity  in  1989,  up  from  29  and  2o  percent,  respec- 
tively, in  1977.  (See  figure  3-13.)  Another  3  percent  of 
doctora!  scientists  and  16  percent  of  doctoral  engineers 
were  working  in  development  in  1989. 

The  next  most  prevalent  work  activity  was  teaching. 
Approximately  27  percent  of  doctoral  scientists  and  17 
|)ercent  of  doctoral  engineers  reported  teaching  as  their 
primary  work  activity  in  1989.  hi  1977.  these  proportions 
were  higher— 34  and  20  perc(Mit,  nvspectivoly;  the  down- 
ward trend  reflects  the  shift  in  Ph.D.  concentration  from 
academia  to  industry. 

About  7  percent  of  doctoral  scientists  and  15  percent 
of  doctoral  engineers  cited  R&D  management  as  their 
priniar>^  w(;rk  activity  in  1989,  These  proportions  were 
down  from  9  and  19  percent,  respectively,  in  1977. 

Sectors  of  Employment 

Although  educational  institutions  remained  the  pri- 
mary employer  of  S&E  doctorate-holders  in  1989,  this 
sector  s  employment  share  has  declined  steadily  since 
the  I'lte  1970s,  hulustry's  share  of  doctoral  scientists  and 
engineers  meanwhile  has  increased,  hi  1977.  62  percent 
of  Ph.D.-holding  scientists  and  35  percent  of  their  enp- 
ne(»ring  counterparts  were  employed  in  academia;  by 


Figure  3-13. 

Distribution  of  employed  doctoral  scientists  and 
engineers,  by  primary  work  activity 
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Figure  3-14. 

Annual  rates  of  growth  for  doctoral  scientists  and 
engineers  in  academia:  1977-89 
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almost  \  iKMWiit  aniuially.  SlowtM*  than  av(M*a^^(^  ^^M'owth 
was  rccorckHl  by  physical  and  iiiatlu'iiialicjil  scientists, 
who  incn^ascd  by  only  0.9  aiul  l.:J  piMVcnt  \)vv  year, 
n^spectivcly.  'I1i(*s(^  clitTcnni.r  j^rowth  rates  chan^^ed  the 
Held  distribution  of  doctoral  scientists  and  (Mij^ineers 
ov(M*  the  period.  For  i^xarn|)l(N  the  pro|)()rtion  of  physical 
scientists  dtvlined  from  about  17  to  I?)  percent,  and  the 
proportion  of  enj^iiuvrs  rose  from  10  to  11  |)iMvent. 

After  ex|)eriencinK^  a  slowdown  in  ^M'owth  in  tlu^  niid- 
(M^hties,  doctoral  scientist  eni|)loyiiient  in  academia  has 
reboundt^d  in  reciMt  yeai  s.  KiiiploymtiU  of  Ph.!).  holding 
sciiMitists  incrtuised  at  an  avtTaye  annual  rate  of  2,7  i)er- 
eent  betwe(Mi  1987  and  19K9.  ui)  s\ibslantially  from  an 
annual  )L^r()Wth  of  l.;5  |)erccMit  for  tin*  i)ri^'ious  ;:J-yt^ar  \)cv\- 
od.  Opposite^  |)attiM*ns  wi^re  (^xjxM'itiiciKl  In*  doctoral  v\\^\- 
in'crs,  whose  (Mnployi)UMU  increas(»d  by  4.5  i)erctMit  annu- 
ally ()V(T  the  1985  87  juMMod  and  then  dropiu^d  to  less 
than  '.5  |)erc(MU  per  year  over  tlu^  next  2-year  period. 

Industry.  Since  the  lati*  s(A'entii^s.  the  sivtoral  distribti- 
tion  of  doctoi  1  sci(MUists  and  engineers  has  shift(Ml 
toward  industiy.  increasin^^  at  avera.yi^  annual  ratios  of  (i.:! 
and  perccMit.  n^spectivc^ly.  By  19S9.  jJH  perc(»nl  of  all 
Ph.D.dioldinjj  scientists  and  of)  perccMit  of  all  doctoral 
iMij>in(HTs  worked  in  industrx'.  The  computer  scii^icts, 
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psycholoji^N',  and  the  social  sciiMices  W(M*e  the  fastest  ^n'ow- 
iiiK  science  lu^lds  for  doctoratc^-hokUM's  (Muploytn!  in  indus- 
ti7;  aiM'onautical/astronautical,  civil,  and  (^UrtricalA^lec- 
ironic  were  th(*  fastest  K'^rowin^^  tMiKineiMinji  subllekls. 

()V(M*all,  industrial  (Miiployment  of  Sc^'K  doctoratt*  hold- 
(M*s  has  slowi^d  since  tlu^  (*arly  (M^ditits,  B(Uwiumi  198!) 
and  1989.  tlu^  (MiiploynuMit  of  doctoral  sci(Mitists  in  indus- 
try incrt^asi^d  at  an  averaK^'  rat(^  of  4.(>  peretMit  aiuuially; 
doctoral  (MiKMiUH*rinK^  (MuploynuMit  rose*  ?),?)  pen  tMit 
yvi\\\  Thes(^  declininji  jirowth  rates  reflect  sevi'ral  fac- 
tors, including 

•  A  Ki'^'iit^'i*  (ItMiiand  by  academia  for  Sc^Iv  doctorate- 
holders; 

•  A  shorta^^e  of  doctoral  personn(*l  in  such  hijjh- 
diMiiand  S^rK  fields  as  tin*  computtM'  sciences  and 
ciM'lain  en^nneerinK  specialties;  and 

•  'Vhv  n^lativt^ly  strong'  growth  in  development  activi- 
tii\s,  which,  as  compared  to  basic  and  applied 
n^sinuvh.  an^  K^'uiM'ally  carried  out  by  less  highly 
trained  persoiuu^l  (SKS  1988b,  p.  22), 

A  few  St^iK  fii^lds/sublu^kls  did  not  exp(Ti(MiC(^  a  declin- 
jirowth  rate  in  tin*  latt(M*  half  of  \hc  1977-89  period: 
Tlu^st*  W(M'e  tlu^  |)hysical  sciences  and  nu^chanical  and 
civil  en^'ineerini^. 

Employment  of  Women  and  Minorities 

Women.  Women  continue  lo  account  for  an  increas- 
ing^ share  of  the  (Mii|)l()y(Kl  Fh.D.-holdin^^  scientists  and 
(Mi^Miieers.  Thv'w  rejMVStMitation  ^\v\\f  to  17.j!  percent  in 
1989  com|)ar(Ml  to  9.7  |)ercent  in  1977.  The  fiekls  with  the 
^neatest  relative*  ^Mowth  of  women  doctoratt^-holders 
were  the  computer  scitMices — which  incn^astnl  tMUploy- 
iiKMit  of  doctoral  wonuMi  from  few(M*  than  250  in  1977  to 
over  2.!U)0  in  1!)89— ami  eii^niietMin^^ — wliich  incn^ased 
i*nil)loyment  from  lewer  than  I^jOO  to  over  2'M){)  during 
the  sanu^  piM'iod.  Despite  this  rapid  ^n*owth.  only  about 
IHM  cent  of  doctoral  women  were  either  com|)Ut(M*  spt^cial- 
ists  or  en^Miieers  in  1989.  (See  figure  ;^-15.)  Tin*  life  sci- 
iMices.  social  sci(Mices.  and  i)sych()l()Ky  together  account- 
(m1  for  over  80  |)erciMit  of  tlu^  jMM'iod's  increase  in  tlu^ 
iMiii)loyment  of  (k)ctoral  womv'ii.  OvtM'all.  the  fit4d  distri- 
bution of  women  with  scitMict*  doctorates  did  not  chan^t* 
^M'eatly  over  tlu*  1977  89  ju'riod.  WonuMi  were,  lunveven 
somewhat  irior(^  likely  to  bt*  j^sycholo^isis  or  computer 
siurialists  and  less  likely  to  be  mathematical  or  physical 
scientists  in  1989  than  in  1977. 

Minorities.  Diu'inj^  1977-89,  th(^  mmibers  of  (Miiployed 
black  aiul  Asian  doctoratc^-holders  rose  at  avt^rajii* 
annual  I'Mvs  of  8. 1  and  8.0  percent,  rt  spectively.  (S?(»  lli^- 
m*e  ;5-l().)  Thesi^  ratios  wvw  over  twice  the  ;^).7-p(M'cent 
rate  for  vhil(^s.  RectMitly  (1987-89).  Si!;'!'!  doctorate 
^M'owth  has  slow(^(l;  black  and  Asian  lMi.l).du)l(l(M*s 
incr(^as(^(l  at  averami^  rates  of  (i.l  and  0.;!  percent  per 
year,  nspcvtively;  lh(*  corresponding^  nit(^  for  whites  was 
?}.2  percent. 
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Figure  3-15. 

Distribution  of  employed  doctoral  scientists  and 
engineers,  by  field  and  gender:  1989 


percent 


Men  Women 
N  =  371 ,483  N  =  77,160 


See  appendix  table  3-12.     Science  &  Engineering  Indicators  -  1991 

Dispiu*  ihvw  rapid  t'liiployniciit  growth,  blacks  account- 
ed lor  only  about  l.()  pcrctMit  (7,200)  of  all  employed  doc- 
toral scicnlists  and  engineers  in  U>89.  Hiis  proportion  w\> 
rcs(Mitcd  a  slight  increase  over  11)77,  when  blacks 
accounted  lor  only  1.0  percent  of  employed  doctoral  scien- 
tists and  engineers.  On  the  other  hand,  the  more  than 
41j)l)()  employed  Asians  with  Sc'CiF  Ph.D.  dejjrees  repre- 
sented about  9.2  percent  of  the  total  in  1989.  up  sijjnifi- 
cantly  from  5.7  percent  in  1977. 

Supply  and  Demand  Outlook  for  S&E 
Personner 

I  hc  1990s  should  b(*  a  period  of  relative  stability  in 
Sc^K  labor  markets,  particularly  as  compared  with  the 

riir  tiiodrl  pti'-^cnlcc]  hen'  rcprc^ciils  otic  ol  several  pn.sihic 
apjirtJiu'lirs  to  cxatnitiitur  thr  outlook  lor  S\l-.  i)ri^oiitu  l.  l\(ptalU' 
i"ol)ii'^l  ttuulrls  with  (li(!»'ivjU  a>Miiiip(iotis  al)oul  (Iciiiouraphif  Ifoiids. 
or  ifirorpoiatitiif  diHiTi'iil  prrsotiiicl  popiilaliotis.  ioh  iiiohiiily,  ami 
oliici  lailiJt's  afr  likriy  to  yield  (lilli'iciil  n-snls.  I-mployiiirii!  i/nijcc- 
liots  toi  llic  ^tiidy  wriT  irt'iuialfd  l)y  NSl'^  VC  oiriij>a!ioii--  tiiodiim.i^ 
svstcMi.  drvrloprd  !)>  Data  RrMUitvcs.  jur  /\K(  Jau Hill.  Thr  Mipply 
pi*oji'C'li(His  wriv  I)asrd  on  a  tiiodcl  lliat  iiu'oipotNilcs  all  tiuijof  m.i'<  res 
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defense  buildup  of  the  early  to  mid-198()s  when  many 
SX:I^  fields  experienced  tiMiiporaiy  shortajjes.' •  This  con- 
clusion has  been  readu^d  after  a  careful  examination  of 

•  Various  demand  simulations  to  determine  how 
alternative  national  economic  j^rowth  patterns 
mijJiht  affect  Sc^'K  employment,  and 

•  Supply  side  simulations  to  test  the  ability  of  the  suj)- 
ply  system  to  respond  to  these  various  demand  sce- 
narios. 

The  supply  and  demand  models  used  to  produce  these 
simulations  Uy  systematically  to  account  for  the  many 
institutional  features,  individual  behavior  patt(Miis,  demo- 
jjraphic  trends,  and  economic  forces  that  jjovern  S^JCiK 
labor  markets  (Ix^slie  and  Oaxaca  1991).  Results  and  fea- 
tures of  these  models  are  provided  in  tliis  section. 

Operations  of  the  S&E  Labor  Market 

Because  the  performance  of  th(*  U.S.  economy  is  a 
major  influence  on  Sc^'K  employment,  it  is  important  to 
understand  the  fundamental  opei'ations  of  the  economy 
in  jjencM'atinji:  jobs  for  scientists  and  enj^ineers  (see 
"Sc^'K  Kmployment:  Demand  Side,"  p.  80),  and  in  lllliaif 
those  jobs  throuji;!!  education  and  traininj^  institutions 
(see  "SX:K  iMiiployment:  Supply  Side/*  p.  81).  The  mod- 
els upon  which  the  followinji:  results  are  based  attempt  to 

ol'  I'csixMisc  lo  chaiiK''^  (h'liiand.  i)(  Vcioj)cd  iitidiM*  ^vi\i}\  lo  i^r. 
KobtTl  i)aijri'cid)acii  {Okiaiioiua  riiivcrsily).  liicsc  pcoji'iMioiis  at'c 
itilriuh'd  lo  id(  lUily  poU'iiliai  pi*ol)i(Miis  wiliiiti  liic  S\'|-!  labor  luai'kcl, 
:\s  wrll  as  lo  assisl  in  undiM'siaiidiiiK  tlu*  dytiaiiiics  and  lli'xihiliiy  ol  die 
S\'K  labor  siiiJi)K\ 

Till'  UThi  "irlalivr  slabllily"  indicNilcs  ati  ovi'iall  balaticc  bciwccn 
lolal  siii)ply  and  drniand  lor  sciiiilisls  and  niikMiu'crs.  ll  docs  not  mraii 
dial  sujiply  and  dcinaiul  lor  cai'li  S\:l{  lickl  will  bi'  in  pcrlccl  ('(luilib- 
riinn  ibroiiKliniil  llu*  drcadc.  As  bas  hwu  llir  case  in  die  pasl,  spoi 
sliorla.irrs  and  siiiphisi-s  will  conlii:u<'  lo  ocrur  across  various  S\'K 
liidils  in  ri'Sjjonsi'  lo  siii)ply/(l<'niati(l  iliicMualioiis. 

Figure  3-16. 

Index  of  doctoral  science  and  engineering 
employment,  by  racial/ethnic  group 


Oiatribution  by 


1977  1979  1981  1983  1985  1987  1989 
See  appendix  table  3-1 3.       Science  &  Engineering  Indicators  -1991 
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S&E  Employment:  Demand  Side 

From  the  demand  perspective,  employment  of  S&E 
personnel  begins  with  "final  industry  demand" — that 
is.  the  output  of  goods  and  services  from  tlie  various 
agriculture,  mining,  manufacturing,  and  service  indus- 
tries that  is  available  for  purchase  by  households,  busi- 
nesses, government,  and  foreigners.  Because  indus- 
tries buy  raw  materials,  products  in  intermediate 
stages  of  production,  and  services  from  other  indus- 
tries, the  total  volume  of  production  in  a  given  industry 
exceeds  the  total  available  for  final  purchase.  Final 
demand  in  the  various  industries  thus  needs  to  be 
translated  into  total  output  per  industry. 

Once  total  industry  output  is  known,  productivity 
ratios— that  is.  output  divided  by  labor  input — can  be 
used  to  compute  employment  by  industry.  From 
there,  it  is  a  simple  matter  to  translate  the  industrial 
employment  into  occupational  employment.  This 
translation  is  accomplished  through  use  of  the  occu- 
pational employment  distribution  per  industry— the 
percentage  of  employees  who  are  scientists  and  engi- 
neers, managers,  clerical  employees,  blue-collar,  etc. 
Summing  the  resulting  employment  by  occupatioii 
across  industries  yields  total  occupational  demand. 
Thus,  through  such  models,  it  is  possible  to  translate 
alternative  final  demand  patterns  into  estimates  of 
total  employment  by  occupation. 


capture  these  fuiulaineiital  operations  systeniatically.  In 
this  niannen  alternative  scenarios  about  the  future  and 
the  ability  of  the  supply  system  to  meet  such  contingen- 
cies can  be  examined  and  assessed. 

A  variety  of  demand  scenarios  can  be  envisioned.  For 
example,  one  scenario  ini^ht  involve  liigli  overall  growth 
in  U.S.  output,  a  shift  toward  sei*vices  and  away  from 
manufactured  goods,  lower  military  hardware  produc- 
tion, and  extensive  defense  and  nond(*fense  K&l),  It  is 
possible  to  imagine  other  scenarios  that  might  involve 
slow  overall  growth  of  the  U.S.  economy,  but  with  a  shift 
in  production  of  goods  and  scrvict^s  toward  iiKlustrics 
that  rely  heavily  on  S&K  employment  Fvcn  though 
aggregate  economic  output  would  not  change  under 
such  a  scenario,  S&K  employment  would  expand.  Many 
such  scenarios  could  be  devt^loped  and  then  tested  rela- 
tive to  the  ability  of  the  supply  system  to  respond. 

Three  adjustment  mechanisms  dominate  supply 
responses  in  the  present  modeling  framework:  degree* 
shares,  employment  retentions,  and  field  mobility.  In 
response  to  high  levels  of  demand*  degree  slian»s  iS<!<:K 
degrees  as  a  percentage  of  total  degrees  awarded) 
increase  in  the  corresponding  categories  (Dauffenbadi 
U>9()).  Also,  retentions  in  SScK  employment  domains 
increase,  which  is  to  say  that  a  high  percentage  of  S*S:I\ 
graduates  remain  in  StS:K  occupations  rather  than  pursue 
alternative  careers  in  marketing  and  managtnnent.  In  ad- 
dition, workers  with  training  in  the  shortage  occupations 
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become  more  concentrated  in  their  respective  fields  of 
employment,  and  workers  with  training  in  related  fields 
shift  their  employment  to  the  occupations  experiencing 
shortfalls.  Final  outcomes  of  the  supply  simulations  show 
the  leveling  effects  of  the  operations  of  the  supply  sys- 
tem. Both  shortages  and  sun)luses  are  lessened,  exhibit- 
ing much  more  favorable  balance  than  the  initial  changes 
in  demand  would  indicate. 

Projected  Demand  for  S&E  Personnel 

As  described  above,  projections  are  forecasts  that  are 
conditional  upon  a  variety  of  assumptions  that  depict 
economic,  institutional,  and  social  conditions.  'Hie  analy- 
sis in  this  section  was  therefore  designed  not  to  provide 
a  single  numeric  estimate  of  future  employment  require- 
•i;ents,  but  instead  to  provide  a  well-defined  range  within 
wliich  employment  growdi  is  likely  to  occur  during  the 
ltH)()-L^O()0  period. 

Three  projection  scenarios — a  "low,'  a  **mid,'*  and  a 
"high"— were  analyzed  with  the  demand  model  using 
alternative  sets  of  assumptions  designed  to  encompass 
likely  economic  performance  during  the  simulation  peri- 
od 1990-2000."  (See  text  table  3-3  for  a  summary  of  these 


'  Hu'  ivoiiomic  ass'Jinptioiis  iisi'd  in  the  tlirci'  projiTtidii  sciMiarios 
(low.  mid.  aiul  liiKli)  wciv  provided  by  Data  Ki»sourc-('s,  I  iu\/ Med  raw- 
Hill.  'Hic  soMiarios  wm*  run  in  tlu'  suihiikm-  oI  Based  on  thrsc 
assiiiiiptioii.s.  NSFs  IV  oaupatioiis  modeling  system  j^enerated  esti- 
mates of  projected  total  iMiiployineiit  by  sector.  'Hie  oeeiipatioiial  struc- 
ture used  by  the  Huri'au  of  Libor  Statistics  was  applied  to  the  total 
employment  projections. 

The  scenarios  are  n(ft  priulielions;  eonse((uenlly,  departures  trom 
the  assumptions  on  which  the  scenarios  are  based  may  alter  future 
outcomes  siKnificanlly. 


Text  table  3-3. 

Summary  statistics  for  macroeconomic  scenarios: 
1990-2000 


Macroeconomic  scenarios 


Indicator 

Low 

Mid 

High 

Average  annual  real 

growtn 

■  Percent- 

GNP  

17 

2.2 

27 

1.4 

17 

2.1 

Business  fixed  investment.  . . 

2.2 

3,6 

5,1 

5.2 

57 

6.1 

3.7 

4.0 

4,8 

Average  annual 

growth 

07 

1.2 

1.6 

1.1 

1.3 

1.5 

Industrial  production  

1,8 

2.5 

3,1 

Average  level 

Inflation  (GNP  deflator)  ,  .  .  , 
Unemploynner»t  

4.7 
6.2 

3.6 
6.0 

3.1 
5.9 

NOTES:  Growth  rates  for  the  projection  period  are  compo.   '  annual 
growth  rates  calculated  between  the  years  1990  and  2000.  ivel 
variables  are  averages  fcr  the  years  1991  to  2000 

SOURCE:  Data  Resources.  Inc  /McGraw-Kill. 
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S&E  Employment:  Supply  Side 

On  the  supply  front,  there  are  many  factors  that 
must  be  considered.  A  large  amount  of  attention  is 
typically  paid  to  the  production  of  S&E  college 
degiees  at  both  the  baccalaureate  and  graduate  lev- 
els. Underlying  demographic  trends  of  prime  col- 
lege-age groups,  their  rates  and  trends  in  college 
attendance,  their  willingness  to  pursue  S&E 
degrees,  and  their  willingness  to  work  in  S&E  jobs 
once  they  graduate  must  also  be  examined.  Recent 
college  graduates  represent  a  flow  of  new  S&E  per- 
sonnel into  the  supply  system.  (See  "Demographic 
Trends:  Recent  S&E  Graduates,"  p.  72.) 

These  flows  of  newly  trained  personnel  are  much 
smaller  than  the  stocks  of  employed  people  in  vari- 
ous S&E  occupations.  (See  NSB  1989,  pp.  77-80,  for 
an  extensive  discussion  of  S&E  labor  market  stocks 
and  flows.)  The  stocks  of  employed  persons  in  S&E 
occupations,  in  turn,  are  smaller  than  the  total  num- 
ber of  S&E  personnel  in  the  workforce.  Take,  for 
example,  engineers.  In  1989,  there  were  67,200  bach- 
elors degrees  awarded  in  engineering  and  about  1.6 
million  people  employed  in  engineering  jobs  (not  all 
of  whom  had  engineering  degrees).  However,  since 
World  War  II,  the  total  number  of  engineering  bache- 
lors degi^es  earned  in  the  United  States  exceeds  2.0 
million.  A  very  large  percentage  of  these  graduates 
are  still  in  the  workforce  today.  Thus,  as  important  as 
the  flows  of  new  S&E  graduates  are  in  the  supply  sys- 
tem, these  numbers  are  small  compared  to  the  stocks 
of  people  employed  in  S&E  occupations  and  tlie  num- 
ber in  the  labor  force  who  have  training  in  S&E 
fields.  Consequently,  small  changes  in  the  behavior 
of  experienced  workers  can  have  dramatic  supply 
consequences.  Supply  models  must  capture  the 
behavior  of  experienced  workers  through  analysis  of 
the  longevity  of  S&E  careers.  Such  models  must  also 
take  into  account  tlie  willingness  and  ability  of  S&E 
trained  personnel  to  work  in  occupations  that  do  not 
exactly  match  their  training  (Dauffenbach  1990). 
lliis  latter  concept  is  known  as  "field  mobility." 


assumptions.)  S&K  iMiiploynuMit  changes  vaiy  substan- 
tially from  1990  to  2()()()  under  the  three  alternative  eco- 
nomic growth  scenarios: 

•  Low  growth — S&K  employment  is  expected  to 
expand  by  perccMit; 

•  Mid  growth — S&K  employment  is  expected  to 
expand  by  20.H  pcMvent;  and 

•  High  growth — S&K  employment  is  expected  to 
expand  by  2().7  percent. 

(See  text  table  ?A.) 

(irowth  differs  dramatically  among  th(^  five  major 
groups  of  S&K  employment:  engiiuaM's,  math  and  com- 
puter specialists,  biological  scitMitists,  physical  scientists, 
and  social  scientists.  As  shown  in  text  table  'M,  the  prin- 
cipal bcMu^ficiaric^s  of  growth  in  the  1990s  are  expected  to 
be  math  and  computer  specialists  and  engineers.  Uiulur 
the  low-growth  scenario,  demand  is  pailicularly  weak  for 
physical,  biological,  and  social  scientists.  Under  all  sct*- 
narios,  growth  is  concentratt^d  among  the  engineering 
and  math  and  computcT  specialties.  Hiis  degre(^  of  con- 
centration raises  a  concern  as  to  the  ability  of  the  supply 
system  to  adjust  to  meet  this  demand. 

Supply  Side  Responses 

ThtMV  are  many  ways  in  which  the  supply  system  can 
adjust  to  meet  this  contMigency  of  concentrated  growth, 
including  the  following: 

•  Students  presently  enrolled  can  shift  to  high-growth 
majoi's. 

•  ReciMit  graduates  with  r(^lati'(l  degrees  can  seek 
employment  in  high-growth  fields. 

•  Kxperienced  workers  can  svvk  retraining  and 
become  occupationally  mobile  into  such  jobs. 

•  rixperienced  workers  with  training  in  high-growth 
fields  who  are  pursuing  non-S&E  careers  can  return 
to  S&K  employment. 

•  Th()S(»  woi'king  in  high-growth  fit^lds  can  extend 
their  careers  in  those  areas. 

«  Immigrants  can  make  up  some  of  ihe  shortfall  in 
high-growth  areas. 

•  biter  retirement  could  offset  high  demand. 

The  supply  model  needs  to  capturt^  thi^se  various  facets 
of  fiexibility  in  system  operations.  However,  tlie  amount 
of  n(^xibility  tlu^  supply  model  exhibits  must  be  basted  on 
historical  magnitude's  (Collins  1988). 

Supply  model  simulations  ^vert^  mn  on  each  of  the  thn^* 
demand  sciMiarios."  Ovci'all  Mie  low-growth  supply  simu- 
lations show  about  a  l.Opercent  ovei  iill  surplus  by  20(K)-— a 

Tlu'  Sivl*.  supply  inodrl  iisrd  to  produce  tlu  M'  iNi'muiU  s  (Irvcl- 
oped  tor  NSI''  by  Dr.  Kolx'rt  '  )aiiHriil)iiL  li  under  an  NSl'  .ui  aiU  lo 
()klali-)ni;i  Stale  l  iiiversily.  Hn  iMU'renI  model  builds  upon  an  earlier 
tnodfl  api)licalioii  (see  Djuitleul-nK'li  and  Morilo  VM\). 
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pa'licularly  slow  growth  scenario.  (S(m»  figure  3-17.)  He- 
low  average  suri)luses  ai'e  shown  for  math  and  computer 
specialists  and  physical  scientists,  while  surplusc^s  for  the 
otluM*  occupational  groups  are  slightly  above  average. 

Tlu^  mid-growth  scenario  indicat(^s  approximate  bal- 
anced—only about  a  (l.Tvpeiveiit  overall  surplus.  Tin  bal- 
ancitig  effects  of  supply  system  operations  U^avc*  only  a 
stnall  p(MVtMitag(d  (lifffM'cMict^  bt^twc^tMi  the  field  of  higlu^st 
comparative*  shorta^^^e  and  liighcst  c()mi)arative  surplus. 

TIk*  high-growth  scenario,  which  yields  an  overall  !^G.7- 
p(M'C(Mit  growth  in  dtMuand  in  the  199()s,  results  in  an 
overall  shortage,  but  nol  a  significant  one.  Overall,  total 
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Text  table  3-4. 

Projected  science  and  engineering  job  growth 

2000 

Occupational  group  1990       Low  Mid  High 

Total  scientists  and  engineers .  .  .  3,060    3,476  3,689  3,877 
Percentage  change   13.6  20.6  26.7 

Engineers   1,558    1,740  1,877  1,980 

Percentage  change   11  7  20.5  27.1 

Math  and  computer  specialists  .  .     658      839    883  931 
Percentage  change   27.5  34.2  41.4 

Biological  scientists   298      317    327  339 

Percentage  change   6.2    9.7  13.9 

Physical  scientists   246      265    277  289 

Percentage  change   7.5  12.5  17.6 

Social  scientists   300      315    325  338 

Percentage  change   5.1     8.4  12.7 

SOURCES:  Bureau  of  Labor  Statistics  and  National  Science  Foundation, 
unpublished  tabulations. 
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supply  t^qiials  98.0  piMvent  of  total  demand.  Thvvv  ixw 
only  a  few  examples  of  dilailed  Sc^K  occupations  where 
tlie  extent  of  the  shortage  exceeds  2.0  percentau^*  points. 

Unanswered  Questions 

The  Questions.  l)(spite  modelinj^  advances  to  assiss 
S&K  employment  outlooks,  uncertainty  riMnains  hi^h  on 
both  sides  of  the  supply/demand  equation.  Thv  questions 
abounding  on  the  demand  side  include  the  followiiif^: 

•  Will  decreases  in  defense  spendinK  dramatically 
affect  S&K  labor  markers? 

•  Will  the  threat  of  foreign  competition  drive  U.S. 
manufacturei's  toward  more  Kt^l)  spending?'*' 

•  Will  the  {generally  slower  un^wth  prospects  for  the 
U.S.  ix^onomy  impinu^'  on  demand  for  Sc^^K  person- 
nel (SRS  198«b)? 

•  Will  the  rebuilding  of  Kastern  Kurope  lead  to  a 
sur^e  in  diMiiand  for  capital  j^oods  that  have  sizable 
S&K  components? 

•  Will  Federal  budget  deficit  pi'obkMns  lead  to  a  slow- 
ing of  Federal  \<&l)  spending? 

As  these  questions  show,  the  impacts  of  wxvui  events  do 
not  lead  in  a  consistent  direction.  Some  lead  to  increas(»s 
in  (  Miiand:  others,  to  decreases. 

On  the  supply  side.  too.  there  are  many  unanswered 
questions: 


•Will  tin*  United  States  be  able  to  contiinii*  its  reliance 
on  immigrants  to  fill  Ph.D.-U^vi^l  jobs  (Forrest  1990). 
or  vvill  rising  international  Sc^K  demand  bejjrin  to 
draw  off  this  talent? 

•  Will  the  upheavals  in  Central  and  Kastern  Kurope 
and  th(*  former  USSR,  coupled  with  n^laxation  in 
emigration  rules,  lead  to  a  massive  exodus  of  S&K 
workers  to  the  Western  world? 

•  Will  smaller  youth  cohorts  in  the  prime  college 
attendance  years  be^in  to  have  a  dramatic  impact 
on  St^K  dej^rees? 

•  Will  women  and  minoritiis.  who  now  make  up  a  larj?- 
cv  |)r()p()rti()n  of  tin*  colleuo-au^^  po^K  be^in  to  pur- 
sue St^K  educational  opportunities  in  increasing 
numbers  (SKS  199()a.  p.  31)? 

•  As  larger  proportions  of  Sc^K  workers  eraer  the  55 
years  and  older  afje  Urt)up.  will  rilirenuMits  be^in  to 
have  a  much  more  si}j[nificant  supply  impact? 

•  What  are  the  implications  of  extending  mandaloiy 
nlirement  to  afje  70? 

As  with  demand,  uncertainties  in  supply  also  do  not 
point  in  the  same  direction. 

Answer  Lies  in  Supply  Flexibility.  Thv  supply  sys- 
tem revivals  a  fairly  hij^di  dej^ree  of  flexibility  in  the  face 
of  uncertain  demand  shocks.  It  is  not  infinitely  respon- 
sive, however.  OtluM-  factors  limit  its  flexibility: 

•  The  adjustment  mechanisms  tlu^  supply  system 
incorporati^s  are  not  without  costs  in  lost  productivi- 
ty: retraining  exp(*nses;  and  employiT.  industiy.  and 
occupational  mobility. 

•  In  the  hi}^l^}^r()wth  scenario,  it  may  provt^  difficult 
for  hi^hiM*  education  to  respond  to  the  demand  for 
dej^rees  in  fields  (^xperiencinj^  relative  shortaK<^*s. 


Figure  3-17. 

Estinfiated  range  of  supply/demand  differentials  for 
scientists  and  engineers:  2000 
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Immigration 

Immigrant  scientists  and  engineers  ai'e  an  impor- 
tant component  of  the  S&E  workforce  in  the  United 
States.  They  represent  a  vahiable  resource  to  the 
Nation's  economy. 

In  1988»  11,000  scientists  and  engineers  immigrated 
to  the  United  States.  Forty-five  percent  of  these  im- 
migrants came  from  Asia — three  times  the  number 
that  came  from  Western  Elurope.  The  largest  num- 
bers of  inmiigrants  came  from  India,  Taiwan,  The 
Philippines,  and  the  United  Kingdom,  each  of  which 
accounted  for  more  than  750  immigi'ants. 

Almost  three-quarters  of  the  S&E  immigrants  to 
the  United  States  were  engineers.  Only  11  percent  of 
the  new  immigrants  were  in  the  natural  sciences,  11 
percent  were  mathematicians  or  computer  special- 
ists, and  just  4  percent  were  social  scientists. 


Moreover,  since  [he  more  willing  and  sometimes  more 
able  are  likely  to  be  the  first  to  engage  in  field  mobility, 
the  real  and  psychological  costs  of  retraining  and  mobil- 
ity will  rise  with  each  incHMnental  need  for  change.  It 
will  prove  increasingly  costly  to  retrain  pei'sonnel  who 
are  field-mobile  to  the  art»as  of  high  demand. 

As  costly  as  such  dislocations  are,  the  supply  system 
appears  capable  of  adjusting  to  rather  \\n\v  differentials 
in  demand  groulh.  Hie  ovei'all  dcMuand  growth  dilTei'iMi- 
tic.l  between  the  low  and  high  scenarios  is  1!^1  percent- 
a/(e  points  (2('i.7-percent  growth  in  the  high-growth  sce- 
nario versus  lii.(>percent  growth  in  the  low-growth  sce- 
nario). Supply  system  operations  reduce  this  differential 
to  half  its  former  size:  Li.O-percent  shortage  to  4.()-percent 
surplus,  or  a  (iO-percentage  point  differential.  (That  is, 
about  half  of  the  dilferenct*  in  demand  ])etween  the  high- 
and  low-growth  scenarios  can  be  accommodated  by 
adjustments  in  the  supply  system.) 

Neither  of  th(»s(»  numbers  re|)r(»S(Mit  a  high  (l(»gree  of 
(lise(iuilil)rium  in  the  market  foi'  scientists  and  engi- 
neers. These  demand  scenarios  and  attei  'lant  supply 
processes  can  thus  be  said  to  exhibit  relative  balance  for 
S&E  labor  markets  in  the  H)9()s.  llie  possibility  of  spot 
shortages  in  certain  S&E  fields  is  not  precluded,  how- 
ever. Eor  example,  the  adjustment  mechanisms  in  the 
supply  system  may  be  insufficient  to  meet  the  expected 
increase  in  demand  for  computer  systems  analysts. 

Because  of  theue  many  lingering  uncertainties,  S&E 
labor  markets  need  to  be  followed  closely  and  the  sce- 
narios and  models  improved  continuously. 

International  Ehiployment  of  Scientists 
and  Engineers 

A  country's  employment  of  scientists  and  engineers  is 
a  significant  indicator  of  its  level  of  effort  in  and  relative 
national  prioriiy  for  science  and  technology.  Interna- 
tional comparisons  are  complicated  by  differences  in 
countpes'  definitions  of  specific  jobs  and  in  methods  ol 
data  collection  and  estimation.  Still,  int(M*national 
employment  daia  provide  insight  into  the  relative* 
strengths  of  the  S&E  workforces  in  the  United  States 
and  other  countries. 

This  s(»cti()n  explores  trends  in  inttMMiational  S&E 
employment,  including  employment  sectors,  primary 
activities,  and  employee*  characteristics  in  l'Yanet\  Italy, 
Japan,  Sweden,  the  United  Kingdom,  the  United  Stat(»s, 
and  West  (iermany.''  Also  included  is  a  bri(^f  discussion 
of  triMids  in  the  emigration  of  foreign  scientists  and  (engi- 
neers to  th(»  United  States.  {See  "immigration,*'  above.) 

International  S&E  Job  Patterns 

In  [hv  early  to  mid-HKSOs,  the  nunil)er  of  nonacadc^nic 
scientists  and  engineers  employed  in  the  United  States 


exce(Mle(l  the  coml)in('(l  total  of  those  in  Erance,  Italy, 
Japan,  the  U^nited  Kingdom,  and  West  (iermany.^^  Exam- 
ining the  number  of  scientists  and  engineers  as  a  propor- 
tion of  each  country's  total  labor  force  shows  that  the 
United  States  employed  the  highest  percentage  of  scien- 
tists and  engineers,  followed  by  (in  descending  order) 
Japan,  West  (k^rmany,  the  United  Kingdom,  and  IVancc*. 
Italy  employed  the  lowest  proportion  of  scientists  and 
engineers.  {See  figun*  0-7  in  OvcM'view.) 

In  the  five  countries  compared  here  (IVance,  Japan, 
the  United  Kingdom,  [he  Unit(Ml  States,  and  Wf»st 
(iermany),  th(*  sei'vices  sector  is  usually  the  most  impor- 
tant (Mnployer  of  sci(Mitists,  while  most  engiiKHM's  are 
employed  in  the  manufacturing  sector.  In  the  H)(S()s,  the 
seivices  scvtor  was  the  largest  (Miiployer  of  nonacademic 
scientists  in  all  countri(»s  except  West  (iermany;  there, 
manufacturing  industries  employed  the  largest  percein- 
age  of  these  scicMitists.  {See  figun*  ;M(S.)  The  ir.:nuifac- 
luring  S(*ctor  was  tlu*  largest  employer  of  nonacadcMnic 
engineers  in  all  countries;  it  was  particularly  significant 
in  the  United  States  and  the  United  Kingdom,  when*  il 
tMnployed  half  of  th(*  engin(*ers.  TIk*  services  sector 
employed  tin*  next  high(*st  proportion  of  nonacademic 
engine(M's  in  all  five*  countries. 

liy  occupation,  industrial/mechanicr.l  (Migine(M's  con- 
stituted ov(»r  half  of  the  S&E  manufacturing  workforce  in 
th(»  United  States  (19.ScS)  and  the  United  Kingdom 
(li)(Sl).  The  proportion  of  th(*se  (MigiiKMM's  was  also  high 
in  France  (UKS?)  and  West  (i(»rmany  (HW,^)),  when*  they 
accounted  lor  l)(»tW(»(Mi  and  IT)  |)(Mr(Mit  of  all  scientists 
and  (Migine(M's  (Muployed  in  manufacturing. 

The  distribution  of  the  Japanese*  S&E  manufacturing 
workforce  differed  ln)m  that  of  the  oth(*i'  countries.  In 


•  Italy  and  Swrflcii  arc  rxt'linhMl  troni  several  discii^'i'ioti  arca^         „._  _  

Ix'cauMM)!  a  lark  of  cnniinirablc  (lata.  UVsl  ( Icnnaii  dala  ate  toi'WVsi  Acadcnitc  Si^  I'!  t'luplos  tnciil  is  cxcliKh'd  Irom  this  discussinii 

Q    niany  only  and  (Id  not  ituMiidr  data  lot' \\]v  Umwv  I'.asi  C.cnnany.  biraiisc  data  arr  uni  a\ ailal)l(\ 
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Figure  3-18. 

Nonacademic  scientists  and  engineers,  by 
sector  of  employment 
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NOTE:  U.S.  data  are  for  1988;  France,  for  1987:  West  Germany  and 
Japan.  1985;  and  United  Kingdom,  1981. 
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than  a  third  of  U.S.  iioiiacadciiiic  scitMitists  and  eiiKiinrrs 
wtMV  uikUm*  l^f)  (198()).  Moreover,  Japan  had  the  smallest 
proportion  of  scientists  and  engineers  (7  percent)  older 
than  Sf);  the  United  States  had  the  second  highest  (18 
perciMit), 

hiternationally,  most  scientists  and  engineers  were 
middle-aged:  About  half  the  scientists  and  engineers  in 
France,  the  United  States,  and  West  (iermany  were 
between     and  54  years  old. 

Gender,  The  vast  majority  of  scientists  and.  especially, 
engineers  in  all  countries  compared  here  w(MV  male. 
(Set*  appendix  table  o-17.)  However,  the  fractions  for 
female  S&K  emi)loyment  are  increasing — slowly  in  engi- 
neering and  more  rapidly  in  the  sciences,  iM'ance,  the 
United  States,  and  the  United  Kingdom  had  the  best 
records  of  employing  female  scientists  and  engineers 
(14  percent,  l\\  percent,  ami    percent,  respectively). 

Educational  Attainmeni.  The  quality  of  a  nation's 
S^S:K  workforce  is  gready  influenced  by  tin*  level  of  edu- 
cation attained  by  its  workers,  hiformation  on  the  field 
and  level  of  S&K  degrees  awarded  can  thert^fore  stM^ve  as 
a  valuable  indicator  of  the  competitive  potential  of  a 
country's  workforce. 


Japan  (1985).  the  largest  proportion  of  its  manufac- 
turing workforce  was  civil  engineers  ([]2  p(M'cent)  and 
industrial/mechanical  engineers  (1^7  percent).  Japan  also 
had  a  higher  proportion  of  computer  specialistti  (21  per- 
cent) than  did  the  other  four  countries. 

R&D  Activity 

The  United  Stales  had  more  full-time  equivalent  scien- 
tists and  engineers  engaged  in  K&I)  in  1987  than  (lid 
Japan,  West  (iermany.  France,  the  United  Kingdom, 
Italy,  and  Swrden  combined.  (See  figure  :^)-19.)  hi  fact, 
the  U'liited  States  had  twice  as  many  R&D  scientists  and 
engineers  as  Japan  and  about  five  tinu.^s  as  many  as  West 
(iermany:  Japan  and  West  (iermany  being  the  countries 
mih  the  next  highest  numbers  of  \<&\)  scientists  and 
engineers.  As  a  proportion  of  the  labor  force,  however, 
other  countries  now^  have  concentrations  of  K6cl)  scien- 
tists and  engineers  approximating  that  of  the  United 
Statics.  In  1987.  Japan's  ratio  per  1(M)()()  was  close  to  thai 
of  the  United  States— ()8.8  ve«*sus  75.9,  resi)ectively. 

Employee  Characteristics 

Age.  The  age  profile  of  a  country's  S<JcF!  workforce  is 
used  as  an  indicator  of  how  nrtMitly  the  population  of  sci- 
entists and  engineers  may  have  been  trained.  It  also  pro- 
vides information  on  the  potential  need  for  rei)lacements. 

Japan  has  a  younger  nonacademic  S&V,  workforce  than 
do  the  other  countries.  Almost  half  of  the  nonacademic 
scienti  'ts  and  enginecM's  in  Japan  (1985)  wtM-(*  younger 
than  :^)5,  (See  figure  ?>'2{),)  In  comparison,  sliglUly  less 
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Figure  3-19. 

Scientists  and  engineers  engaged  in  R&D,  for 
selected  countries:  1987 
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See  appendix  tabtes  3*19  and  3*20. 
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Thv  United  States  (1988)  and  Sweden  (U)«7)  had  siy- 
nificantly  lower  percentaj^es  of  univei'sity  graduates  in 
the  natural  sciences  and  (Mij^ineerinj^  than  did  the  other 
five  countries — 20  and  12  percent,  respectively,  hi  con- 
trast, in  France  (1!)«7)  almost  hall  of  first  university 
decrees  were  awarded  in  eithei'  the  natural  sciences  oi' 
enfjineerinK.  Correspondinj^  proportions  weiv  37  per- 
cent in  the  United  Kingdom  (U)««),  ?>\'^  |)ercent  in  West 
(ierniany  (19««).  ?y\  i)ercent  in  Italy  (19«7),  and  27  per- 
cent in  Japan  (1988).  France,  the  United  Kinj^doin,  and 
West  (ierniany  all  had  j^reater  concentrations  of  first  uni- 
versity decrees  in  the  natural  sciences  in  19«(i  than  did 
the  United  States.  In  absolute  numbers,  howevei'.  the 
U.S.  decree  recipients  were  more*  numerous. 

In  1988,  more  Japanese  than  U.S.  students  received 
first  university  dej^rees  in  enj^ineeriiiji  (7H,()()0  versus 
70,001))  despite  the  fact  that  Japan's  colle^^e-aj^e  popula- 
tion is  only  about  one-quarter  that  of  lh(*  United  States. 
(See  figure  0-14  in  Overview,)  However,  the  United 
States  awarded  more  than  twice  the  luimber  of  enj^ineer- 
iuK  doctoral  decrees  and  more  than  10  times  die  iiumbtM' 
of  natural  science  doctorates  than  did  Japan  in  the  same 
yeai'. 


Figure  3-20. 

Nonacademic  scientists  and  engineers,  by  age  for 
selected  countries 
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Financial  Resources  for  Research  and  Development 

HIGHLIGHTS 


U.S.  Research  and  Development  (R&D)— the 
National  Level 

•  Growtli  in  the  Nation's  R&D  investments  slowed 
in  recent  years.  U.S.  support  for  R&D  Krew  at  an  csti- 
nialed  average  annual  constant  dollar  I'ate  of  1.2  percent 
between  1985  and  1991,  ont^sixth  the  rate  of  fjrowth  for 
1980  to  1985.  Total  R&D  expenditures  reached  an  esti- 
mated $152  billion  in  1991,  or  2.7  percent  of  the  gross 
national  product  ((iNP).  See  pp.  89-90, 

•  A  decreasing  fraction  of  IJ.S,  R&D  support  is 
being  provided  by  the  Federal  Government.  Tlie 
Federal  share*  of  the  Nation^  R&D  fxinding  total  edged 
downward,  from  46  percent  in  1985  to  44  percent  in 
1991.  Industiys  share  of  total  was  the  same  in  both 
1985  and  1991—51  ixTcent.  llie  combined  share  of  sui> 
port  from  state  governments^  universities,  and  nonprofit 
institulions  rose  from  3  to  5  percent.  See  pp.  9()-91. 

•  The  university  share  of  total  U.S,  R&D  perfor- 
mance continues  to  grow.  Industrial  firms'  R&D  per- 
formance accounted  for  74  percent  of  the  U.S.  total  in 
1985  and  72  percent  of  national  1991  expenditures,  llie 
share  of  all  R&D  that  was  conducted  in  academic  insti- 
tutions grew  from  12  to  15  percent  over  the  same  time 
period.  Federal  agencies  accounted  for  11  percent  of 
the  U.S.  performance  total  in  both  years.  See  p.  91 

•  Federal  R&D  funding  patterns  reflect  increased 
support  for  several  nondefense  policy  objectives. 

More  than  90  percent  of  the  growth  in  Federal  R&D 
support  from  1980  to  1986  was  defense-related.  Since 
then,  the  largest  Federal  R&D  increases  have  been 
for  health  and  space  programs.  Nonetheless,  defense 
still  accounted  for  59  pcMVent  of  the  1991  Federal 
R&D  funding  total.  See  pp.  94  and  99. 

•  An  increasing  proportion  of  health  R&D  is 
funded  by  non-Federal  sources.  Hetween  1985  and 
1991,  the  Federal  share  of  total  health  R&D  dropped 
from  50  to  42  perctMit.  hidustr>^  support  grew  from  40 
to  47  percent  of  total.  See  pp.  100-01. 

•  The  use  of  Federal  incentives  to  foster  R&I) 
growth  and  inter-sector  research  cooperation  has 
increased  rapidly.  Federal  support  for  small  business 
reseai'ch  has  increased  by  more  than  10  percent  (in 
constant  dollars)  per  year  since  1985.  Tax  credits  for 
R&I)  (expenditures  annually  provide  over  $1  billion  of 
indirect  F(»deral  support.  More  than  2(K)  industiy  cooi)- 
erative  rt^search  ventures  have  been  registered  nation- 
wide since  1985,  and  8(58  cooperative  R&I)  agreements 
betw(»en  industrial  finns  and  Federal  laboratories  have 
been  negotiated  since  1986.  See  pp.  97  and  1014)2. 


U.S.  R&D— the  State  Level 

•  U.S.  R&D  performance  is  concentrated  in  a  few 
states.  Half  of  the  1989  nationwide  R&I)  effort  was 
undertaken  in  five  slates— California,  New  York, 
Michigan,  Massachusetts,  and  New  Jersey.  However, 
New  Mexico  and  Delaware  had  the  largest  R&D  to 
gross  state  product  ratios.  See  pp.  103-04. 

•  States  continue  to  be  heavily  involved  in  fostering 
R&D  growth  and  research  cooperation  among 
sectors.  Since  1985,  at  least  30  states  have  established 
institutions  promoting  local  economic  development 
through  science  and  technology.  At  least  36  states 
award  university-industry  researdi  grants  to  support 
growth  strategies;  no  fc^wer  than  20  provide  tax  incen- 
tives for  R&I)  conducted  in-state.  See  pp.  104-05. 

•  Industry  support  of  the  II.S,  academic  R&D  ef- 
fort rose  from  a  4-percent  share  in  1980  to  a  7- 
percent  shar^?  in  1989.  Industry  support  comprises 
a  notably  higher  fraction— up  to  20  percent— of  aca- 
demic R&D  in  states  whose  universities'  research  per- 
formance is  relatively  small  See  pp.  1064)7. 

U.S.  R&D— International  Comparisons 

•  The  United  States  spent  16  percent  more  on  R&D 
in  1989  than  did  Japan,  West  Germany,  France, 
and  the  United  Kingdom  combined.  However,  these 
four  countries  collectively  spent  12  percent  more  on 
total  nondefense  R&I)  than  did  the  United  States.  ITie 
United  States,  Japan,  and  West  (lemiany  each  invested 
close  to  3  percent  of  their  re»spective  (iNFs  on  R&I). 
Kxcluding  R&D  for  defense  purposes,  the  U.S. 
R&I)/(iNP  ratio  (1.9  percent  in  1989)  trails  those  of 
Japan  (3.0  percent)  and  West  (iemiany  (2.8  percent). 
See  pp.  10708. 

•  (iovernment  R&I)  investment  priorities  differ 
among  countries.  In  th(»  United  States,  France,  and 
the  United  Wngdoin.  defe^nse  accounts  for  the  largest 
share  of  total  g(;vernmental  R&I).  Japan  invests  heavi- 
ly in  energy-related  R&D,  and  industrial  development 
accounts  foi*  the  largest  share  of  the  West  (ierman 
Government's  R&D  total  See  p.  109. 

•  R&D  activities  are  becoming  increasingly  global. 

In  1989,  the  overseas  R&D  investment  by  U.S.  compa- 
nies was  equivalent  to  9  percent  of  industry  s  domes- 
tic R&D  spending,  compared  to  6  percent  in  198r).  In 
1988.  foreign  companies  accounted  for  an  amount 
equival(»nt  to  11  percent  of  all  industrial  R&I)  exp(»ndi- 
tures  in  th(»  United  States,  compared  to  their  9-per- 
cent share  in  imxSeep.  110. 
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Introduction 

Chapter  Focus 

IVevious  chai)t(*rs  focust^d  on  [hv  people  involved  in 
sci(Mice  and  technology  (S<S:T)  activities,  including 
research  and  development  (K^tD).  lliis  chaptiM*  presents 
indicators  of  the resources  devoted  to  the 
Nation  s  R&l)  base  and  of  the  Kn)winK  complexity  of 
inter-  and  intra-sector  cooperative*  R&l)  relationships 
that  have  been  for^c^d  during  the  past  decadc^ 

Despite  their  wccni  slowing,  both  public  and  privati^ 
sector  R&I)  funding  grew  considerably  during  the  eight- 
ies. This  growth  is  itself  an  indication  of  the  hiMKhti»ned 
importance  assigned  to  the  R&D  enterprise.  Indeed, 
then*  is  ampU*  evid(Mic(»  diat  R^tl)  is  (»ssential  to  tin*  pro- 
vision of  public  goods  and  services  that  benefit  society  as 
a  whole;  for  example,  Rifcl)  contributes  diri»ctly  to 
improvements  in  national  defense,  public  health,  and 
environmental  quality.  Several  decades  of  study  have 
documented  the  further  contribution  of  private  R^rl) 
investment  to  productivity  growth  and  industrial  compi^t- 
itiveness.'  And,  according  to  n^cent  studies,  even  the 
basic  research  undertakiMi  in  academic  institutions  pro- 
motes industrial  innovation  and  yields  high  economic 
returns  to  society." 

Alongside  this  growing  recognition  of  thi*  importance* 
of  R&D  is  an  appr(*ciatioii  in  recent  y(*ars  by  public  and 
private  sector  supporters  of  R&D  of  thi*  ni*ed  to  U*''(Tage 
th(Mr  R&D  funds.  It  has  become  increasingly  cl(*c(i  thai 
(1)  R&D  done  in  Federal  or  university  labs  can  biMiefit 
industry  and,  by  so  doing,  enhance  industrial  competi- 
tiveness at  both  the  local  and  national  l(*vels;  and  {2) 
FediTal  fostering  of  research  cooperation  widiin  indus- 
try— so  that  c()nipani(*s  might  better  maintain  their  t(*ch- 
nological  conipetitiv(*n(*ss  domt^stically  and  abroad — 
also  serves  the  goals  of  the  Nation. 

Chapter  Organization 

The  first  section  of  this  chapti*r  (i(»scrib(*s  broad  pat- 
terns among  R&D-funding  and  -pc^rforming  s(»ctors— the* 
Fed(Tal  (iov(*rnm(*nt,  industiy,  acadi*mia,  and  nonprofit 
institutions.  A  bri(*f  overvii*w  is  pr()vi(l(*(l  of  di*V(*lop- 
ments  during  the  past  IJO  yi*ars  that  havi*  l(*d  to  the  pres- 
i*nt  R&D  s(*lting.  Also  discuss(*d  is  tin*  r/mmr/^';' of  tlu*si* 
activities— that  is.  whether  th(*y  are  basic  research, 
applied  r(*search,  or  d(*V(*l()pm(*nt. 

TIh*  second  s(*ction  considers  tin*  F(*dt*ral  role  mon* 
closely.  Transfers;  of  Federal  funds  to  the  various  R&D- 


•Ursnlts  from  tiinncroiis ccononHMrii- siudirs on  ;nul  prodiu-iiv- 
ity  K«*<>wlli  niul  rcljitcd  inojisureinriit  and  tlioorolieal  issui's  are  siinuna- 
ri'^cdinSvfikausk  {VM)). 

Scv  Adams  (1!)  l)  and  Mansliold  (19!M).  Ilirsc  Ixmh'IiIs  nriMn  addi- 
tion lo  llu»  inon*  l.aditional  olishoois  associalcd  widi  hasir  rcM'arrli. 
ineludinK  iIh'  t'dueatiori  and  iraiiiinu  <>l  lulnn'  si'ii'nlisls  and  eii;iin<»ers 
and  llu'  juirsuit  oi  knowlcdKi*  tor  its  own  sake. 
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performing  sectors  are  detailed,  with  sjHTific  att(*ntion 
given  to  the  funding  agencies,  the  fields  of  ri*si*arch 
funded,  and  the  various  s()ci()i*conomic  object ivi*s — 
including  both  defense  and  nondefense — supported. 
Data  are  provided  on  several  Federal  incentives  that 
were  put  in  place  during  the  eighties  to  foster  R&D 
growth  indir(*ctly — for  example,  R&D  tax  cr(  dits  and 
c()()pera;lve  R&D  agreements.  Additionally,  for  the  first 
tinii*  in  tin*  Indicators  si*ries,  data  are  includi*d  regarding 
F(*deral  funding  of  R&D  through  the  Small  Husim^ss 
Innovation  Res(*ai\:h  Program. 

Tin*  Uiird  section  takes  a  stat(*-level  vi(*w  of  the  U.S. 
R&D  base.  Topics  covered  includi*  the  gi*()grai)hic  distri- 
bution of  domestic  R&D  investment,  the  ri*search  inten- 
sity of  states'  economies,  state  programs  for  S&T-based 
(*c()nomic  dev(*l()pment,  and  (liri*ct  funding  of  R&D  by 
the  states  and  within  their  univ(Tsiti(*s. 

The  concluding  section  builds  on  tin*  U.S.  national  and 
Federal  details  by  providing  comparisons  on  similar 
R&D  topics  among  major  industriali;ied  countries. 
Indicators  include  li*vel  of  funding,  s(*ct()r  funders  and 
performers,  R&D/gross  national  product  {(INP)  intensi- 
tii*s,  and  governnuMit  R&D  objivtives.  Tin*  gl()bali;^ation 
of  the  Nation  s  R&I)  effort  is  also  discussed. 


National  R&D  Spending  Patterns 

The  Unit(*d  States  spent  an  estimat(*(l  2,7  percent  of  its 
(INF  on  R&I)  activities  in  1991.  This  investm(*nt  in  thi* 
discoveiy  of  new  knowledgi* — and  in  th(*  application  of 
knowledge  to  the  devi^lopment  of  new  and  improv(*d 
products,  processes,  and  semces — totaled  an  estimated 
$152  billion.-' 

In  this  section,  national  R&I)  expenditure  tr(*nds  and 
si*cu)r-specific  R&I)  funding  and  performanct*  patterns 
an*  ri* viewed.  Major  turning  points  in  R&I)  spending  |)at- 
ti*rns  ovi*r  the  past  30  yi*ars  are  sugg(*ste(L  The  discus- 
sion concludes  widi  a  summaiy  of  1991  R&I)  estimates. 

Overview:  1960  to  Present 

The  Nation  s  R&I)  (*xpiMidituri*s  have*  more  than  dou- 
bled (in  constant  1982  dollars)  during  the  past  thret* 
di*ca(U^s,  rising  from  about  S44  billion  in  19()()  to  an  (*sti- 
niat(*d  8110  billion  in  1991.  (See  figun*  4-1.)  Because*  this 
growth  has  come  in  spurts,  the  history  of  U.S.  R&D 
funding  consists  of  several  distinct  stag(*s.  Th(*  p(*riod 
from  19()()  to  19(i7  was  marked  by  rapid  growth  in  total 
R&I)  spending:  Inflation-adjusted  incr(*as(*s  averag(*d  5.7 
p(*rc(*nt  [)er  year.  The*  growth  was  spurr(*d,  to  a  larg(* 
i*xtent,  by  massive  Fed(*ral  uivestment  in  military  and 


Thnuiulioul  lliis  d)a|)t('r,  l  urrrnl  fiuKiiiiK  or  I'xpcnditiin'  dnla  arc 
prcsmtcd  ill  noiniiuil  ddllars.  ThmkI  dala  usually  an*  dctlatcd  lo 
conslanl  dcdlars  usin^'  llu*        ini|)lii-il  |)rii*(*  di'llalor  and  arr  so  iiuii- 
ralcd.  (See  apiu'iidix  labli*  I  I.)  'Ilicrc  arc  i'\i('|)ti()ns  lo  this  clioii-c  ol 
(IcHalor.  llu»s(»  rxi-rpiijiis  an*  idcnlillfd  appr(>i)naU»ly. 

l:, 


90 


Chapter  4.  Financial  Resources  for  Research  and  Development 


Figure  4-1. 

National  R&D  funding,  by  source 


Billions  of  dollars  Billions  of  constant  1 982  dollars 


See  appendix  table  4-2.  ^^'^"^^  ^  Engineering  Indicators  -  1991 


spaa*  tirlnioloKy.'  'Y\n*n,  lor  luaiiy  a  (U^cadf,  total  \<S:l) 
growth  faiU'd  to  lu't'p  up  with  (^itluT  iiillatioii  or  troiioin- 
ic  output  as  both  busiiu'ss  aiul  jiovt'niiiuMit — tMicouutt*r- 
inji  an  economic  and  political  environment  that  could  no 
l()nK(*r  juslily  the  current  rate  of  KScl)  expansion— de- 
eniphasiz(*(l  funding  lor  rt^st^arch  prof^ranis.  hi  particu- 
lar. 1-ederal  \<Sc\)  support  lor  both  defense  and  noiuU*- 
fense  activities  dedint^d  sharply  during  this  period. 
Overall  real  MI)  fell  \)  i)erctMit.  dropping  from  l^.H  per- 
cent of  (iNF  in  19()7  to  2.2  percent  in  1973. 

A  significant  funding  rt^versal  occurred  Ibllowinfi  tin* 
dual  ener^v'  and  economic  crises  of  the  mi(l-H)7()s.  From 
197r)  to  H)«r).  U.S.  \<S:\)  ii\v\M  on  avtM'a«e  by  r^S)  perctMit 
annually,  and  the  Ki!C:l)/(iNP  ratio  climbed  to  2.H  per- 
cent. Initially  the  n^st^arch  firowth  was  directed  toward 
solutions  to  tMierjj;y  probltMns;  major  t^iuM'^y  liiscl)  pro- 
jiraiiis  wvw  undtM'talu^n  by  both  industry  and  ^^overn- 
ment.  hi  the  early  (*i«lities.  liowevcM'.  the  focus  of  the 
national  \ii<\)  effort  shifted  overwhelminfily  toward 
delense-relatt^l  activities. '  In  fact,  more  than  90  percent 
ol  tin*  rapid  uicn^ase  in  Federal  R<!C:1)  support  bi^tweeii 
19H0  and  UWf)  was  altributabU*  to  (F'ltMise  programs. 

Slujifjishness  in  tlu»  economy  (including  attendant 
shortfall  in  profits,  out  of  which  business  l<i<l)  normally 

'(Howth  (luriii.i,^  this  rniiy  pciind  is  a  roiiiimiiUioii  ol  the  rapid 
iitm-aM's  ill  the  Nation's  niiiitaiy  \<Mi  iiivcstuiciil  lhat  bcjunn  in  the 
rarlv  litlirv  It<uu  liK)!!  to  I'.S.  \<kK:\)  sin^nWu^  «i'<'\\'  <>n  avrrauc 
by  IT)  jM-mMit  prr  yraf.  l  lu'  earliest  yt  ar  lor  wliiili  Ihc  National 
Sdrno'  I'oittidalioii  trpotls  U^v^l )  cxpfiKlituns  is  !!).):;. 

Sr<'  SUS  (UI!H)b)  lor  ndcvanl  statisi-cs  on  iMirr^^ry  and  dclcjisf 
sputdinu- 


is  fundt^d)  and  budgetary  constraints  imposed  on  all  fjov- 
tM'iinuMit  profirams  have  since  slowt^d  K&l)  f^rowth 
nationwide.  Kven  with  the  skyrocketing  number  of  cooj)- 
erativt*  relationships  anions  tlu»  various  KcV^D-perfoniiiiiK 
strtors  of  the  economy — relationships  K<'iH»rally  tstab- 
lished  in  rt^sponst*  to  ref^ional  or  international  conipeti- 
tivtMiess  concerns— R&l)  growth  has  fallen  overall  to  a 
l.i;M)erceiit  avtM'a^t*  annual  rate  of  increase  duriuK  the 
19Kr)-9l  period.  Indeed,  a  slight  decline  in  inflation- 
adjusted  K&I)  expenditures— fueled  particularly  by  a 
reduction  in  dt^lense  Kisci)  spending— is  indicated  from 
estimates  for  1990  and  1991  (SRS  I991e). 

Funders,  Performers,  and  Character  of  Work 

R&D  Funders.  ConsidtMable  chan^t^s  in  [he  patterns 
of  KHzl)  support  and  performance  have  accoiiipanit^d  the 
:i()-year  expansion  of  l<i<l)  inv(»stnient  chronicled  abo''i\ 
The  most  notabk'  clian^t*  conctM'iis  tli(*  relative  roles  of 
till*  I'Vderal  (iovc^iinient  and  private  industiy  in  funding, 
or  supporting.  R*!vl).  'Flu*  Fedi^ral  share  of  total  national 
l<S:l)  expenditures  has  fallen  rather  steadily,  dropping 
Irom  (if)  percent  in  19(i()  to  an  estiniatt^d  post-World  War 
11  low  of  44  perctMit  in  1991.  Indeed,  since  19HH.  not  only 
has  tht*  Ft^deral  (iovtM'nment  s  relative  sliart*  of  tin*  total 
fallen,  but — after  adjusting  for  innation— so  has  its  ahsfh 
lute  dollar  c()ntributit)n.  (Set*  a!)peiulix  table  4-2  for  back- 
ground data.)  Also  (luring  the  19()()-91  period,  U.S.  firms 
have  increased  their  relativt*  sliart*  of  support  for  total 
r.S.  Rc^l)  activities  from  :5!5  to  ill  perct^nF  'Fliis  incrt^ased 
support  includes  both  in-liouse  Kisci)  and  funding  of 
RcK:l)  in  other  sectors.  University  and  colk^fie  support  for 
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Definitions 


The  National  Science  Foundation  uses  the  following 
definitions  in  its  resource  surveys. 

Basic  research:  Basic  research  has  as  its  objective 
a  fuller  knowledge  or  understanding  of  the  subject 
under  study,  without  specific  applications  in  mind.  In 
industry,  basic  research  is  defined  as  research  that 
advances  scientific  knowledge  but  does  not  have  spe- 
cific commercial  objectives,  although  such  investiga- 
tions may  be  in  fields  of  present  or  |)otential  interest  to 
the  reporting  company. 

Applied  research:  Applied  research  is  directed 
toward  gaining  knowledge  or  understanding  necessary 
for  determining  the  means  by  which  a  recognized  and 
specific  need  may  be  met.  In  industry,  applied 
research  includes  investigations  directed  to  the  discov- 
ery of  new  scientific  knowledge  having  specific  com- 
mercial objectives  with  respect  to  products,  processes, 
or  services. 


K&D— which  includes  state  government  support  to  this 
sector — has  grown  wvr  the  past  three  decades,  rising 
from  1  to  :i  percent  of  the  national  total.  Most  of  this 
growth  in  academia  s  relative  share  has  been  in  basic 
research.  (See  appendix  table  4-4.) 

R&D  Performers,  In  Wvms  of  K&I)  performance  pat- 
terns, the  changes  have  bc»en  less  |)r()nounce(l.  In  contrast 
to  its  overall  increased  support  for  Kc^:I).  industry  is  esti- 
mated to  have  perfornu^d  a  snialkT  share  of  K&I)  in  1991 
dian  in  HMiO:  T2.  versus  7H  percent.  Universities  and  col- 
leges incri^ased  their  share  of  K&I)  performanct^  over  the 
same  period,  rising  from  5  percent  to  11  percent  of  the 
national  total.  Particularly  during  tlie  eighties,  this  growth 
in  K&I)  performed  on  the  Nation's  campuses  benefitted 
from  steadily  rising  industry-university  partnerships  with 
both  Federal  and  state  goviM  nnu^nt  funding.  Federal  in- 
house  K&I)  declined  from  \[i  perciMit  of  the  Nation  s  total 
in  19(j()  to  11  percent  in  1991;  it  has  remained  k^vel  at 
approximately  billion  per  y(^ar  (in  inflation-adjusted 
19H2  dollai-s)  since  1985.  (^vv  appendix  table  4-2.) 

Character  of  Woric.  Although  the  Nation's  total  in- 
vi^stment  in  KcKiI)  has  grown  significantly,  its  relative 
emphasis  by  character  of  work  (see  "Definitions." 
above.)  has  remaimul  rather  stabk^  since  1970.  (See  fig- 
ure 0-4  in  Ovei'view,)  As  a  proportion  of  total  Kc^I). 

•  I)evek)pment  has  tluctuated  Ix^twt^en  HI  and  ()<)  ixMViMit; 

•  Applied  research,  between  2\  and  24  p(»rc(Mit;  and 

•  Basic  research,  between  i:^and  1()  perccMit. 
(Siv  appendix  tables  4-;5. 4-4. 4-5.  and  4'().) 


Development:  Development  is  the  systematic  use 
of  the  knowledge  or  understanding  gained  from 
research  directed  toward  the  production  of  useful 
materials,  devices,  systems,  or  methods,  including 
design  and  development  of  prototypes  and  pr ocessev^.  ! 

Obligations:  Obligations  represent  the  amounts  for 
orders  placed,  contracts  awarded,  services  received, 
and  simila  transactions  during  a  given  period,  regard- 
less of  when  the  funds  were  appropriated  or  when  pay- 
ment is  required. 

Outlays:  Government  outlays  represent  the  amoutits 
for  checks  issued  and  cash  payments  made  during  a 
given  i)eriod,  regardless  of  when  tlie  funds  were  appi  o- 
priated  or  obligated. 

Budget  authority:  Budget  authority  is  the  authority 
provided  by  Federal  law  to  incur  financial  obiij^^ilions 
that  will  result  in  outlays. 


1991  Spending  Patterns 

R&D  Funders.  Funds  for  K&I)  in  the  United  States 
came  mrinly  from  two  sourcc^s  in  1991 — industiy  (at  an 
estimated  51  percent  of  total)  and  the  Vederal  (lov- 
ernment  (44  percent  of  total).  The  remaining  f)  percent 
came  from  universities  and  collegers,  state  and  local  gov- 
ernments, and  nonprofit  institutions.''  (See  figure  4-2.) 

The  most  recent  estimates  of  change  from  1989  to 
1991  show  Federal  support  declining  W  percent  (in  con- 
stant 1982  dollars),  industry  support  remaining  rather 
level,  and  support  from  other  non-FedcM'al  sources  climb- 
ing 15  peivent.  (See  appendix  table  4-2.) 

R&D  Performers,  At  an  estimated  $  ()8  billion  in 
1991,  industiy  remained  the  largest  performer  of  R^Irl)  in 
the  United  States:  K&I)  performed  by  companies  ($105.8 
billion)  and  that  performed  by  industr>'-a(lministered  fed- 
erally funded  research  and  development  centers 
(FFKI)Cs)  ($2.7  billion)  accounted  for  72  percent  of  the 
national  Kc^D  effort.*  About  one-third  of  this  combined 
industiy  and  FFKDC  pcTformance  total  was  financed  by 
the  Federal  (iovernment  (see  text  table  4-1).  mostly  by 
tlu*  Department  of  Defense  (DOD).  Aerospace  c()m|)a- 
nies  accounted  for  about  one-fourth  of  industry's  perfor- 


ViirrciU  rstiiiialt's  (or  sliitt*  ^'ovt'niiiu'Ml  in-iwusc  an-  imt  avail- 
\\h\v.  In  IIKSS,  slalr  labs'  iiiiraimiral  iMTlonnann*  reached  SO..")  billioji. 

An  I'FkDC  is  [\\\  oruanixation  exclusively  or  siil)sianlially  financed 
by  the  Fedi'ral  (iovernment  lo  nieel  a  parlicidar  re(|nirenienl  or  U)  pro- 
vide  major  tacililies  lor  research  and  associated  training  purposes. 
I'iach  cenler  is  adminisicred  by  an  industrial  llrm.  an  individual  univer- 
sily.  a  miiversiiy  consortia,  or  a  nt)npnini  inslilution.  The  in  iiiduslry- 
adminislered  I  TRDC's  receive  the  bulk  ol  their  fundinu  h'om  ihe 
Department  ol  Delense  and  Ironi  ihe  alt)mic  ener^T  delense  proKM'unis 
ol  the  Depnrlmenl  ol  Kner^v. 
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Figure  4-2. 

National  R&D  expenditures:  1991 


Other -5% 


Federal 
GovernmenI-  11% 


Universities  and 
Colleges  -  11% 


Other  -  6% 


By  source 

See  appendix  tables  4-3,  4-4.  4-5,  and  4-6. 


By  performer 


By  character  of  work 
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iiianco  total;  conipai.i'^s  '  diiMuicals,  coiiiimiiiira- 
lion  (*(|ui|)incnt,  ami  .Motor  v(*liicl(»s  iiultistrii^s  vdch 
acrounti^d  for  about  10  iXMViMit.'^  (Sc(^  appcMidix  tabic  4-7. 
which  also  n^ports  (estimates  tor  iiKliistry-spccific  charac- 
Um' of  work  splits.) 

I  hc  s(Toiul  lar^^cst  Ki^D-pcM'loriiiiii^i  s(Ttor  consists  of 
the  Nation's  universities  and  collc^^s,  (»xclusiv(»  of  uni- 


"I'.S,  iii(l(>stri;il  >  fXiMMidilnn's  I'DiitiiuH'  ti)  Ih-  lu-avilv  r(»no*n!r;U- 
('(I  in  a  sinall  luitnhrr  nl  llrnis.  In  h^i<\K  \  lour  l.'irKcsl  I^VI)'|H>rlonu- 
iiiK  *'ompanirs  :ir( oimtiMl  lor  2L'  piwiit  n\  I  his  mtIoi  's  prrloriDaiuc 
total.  Hir  KM)  larucst  ruvounti'd  lor  70  piwnt  ol  total  (NSIl  1!)!M  and 
SUS  1*MM(I).  {''UlrfM  vfars  I'arlit'r.  the  1  lar)^i*sl  i*oni|)anit*s  an*onnti*d 
lor 'JO  pfrn*nt  ol  total  and  tin*  100  laiKrst  roni|)anu's  lor  H2  ixwnl. 


V(M*sity-adp.iinist(M*(»d  FFKDCs;'  r\»dcral  fnndin^^  account- 
(*d  for  an  (^stiniati^d  5(5  |)crc(»nt  of  their  K<S:I)  activitit^s 
(SIT  billion)  in  \\)[)\\  this  was  down  from  ()(S  p(MV(Mit  in 
H)80.  {Svv  ai)i)(Midix  table  4-2.)  Academic  institutions 
th(*nis(4v(»s  tlnanci^d  a  lar^MM*  proi)oi1ion  of  their  li^D — 
11  piMvent  in  HI80  and  an  estimated  20  I)(mV(Mi!  in  1901. 
Funds  from  iiuiustry  to  universitit^s  and  colh^^u^s  also 
increas(»(l  over  tlm*  piM'iod,  risin^^  from  4  to  7  ix^viMit  of 
the  total  K<S:I)  i)erform(Kl  in  thes(»  instittilions.  Slate  and 


'One  hnndrrd  univrr^itir^  acconnird  lor  ahoiil  SJ  prrcrnt  oMIm* 
kiVl  l)  pcrlonnt'd  !>>  this  stM-lor  in  VMJ.  I-Hlrrn  yrarsrarlicr.  Ihr  top  100 
juvonntrd  loi  a  similar  s;{-p»Mvrnl  sharr  ol  araclnnias  total  KiVL  I )  rllort. 


Text  table  4-1. 

Estimated  national  R&D  expenditures,  by  performirig  sector  and  source  of  funds:  1991 


Sources  of  R&D  funds 

Universities      Other  Percent 
Federal  and        nonprofit  distribution. 


R&D  performers 

Total 

Industry 

Government 

colleges^ 

institutions 

performers 

Millions  of  dollars 

Total  

151.600 

78.050 

66,000 

4.950 

2.600 

100,0 

Industry  

105750 

76.150 

29.600 

69.8 

Industry-administered  FFRDCs'  

2.700 

2.700 

1.8 

16.400 

16.400 

10.8 

Universities  and  colleges  

17.200 

1.250 

9.650 

4.950 

1.350 

11.3 

University-administered  FFRDCs*  .  .  .  . 

4.850 

4.850 

3.2 

Other  nonprofit  institutions  

4.200 

650 

2.300 

1,250 

2.8 

Nonprofit-administered  FFRDCs' 

500 

500 

0.3 

Percent  distribution,  sources  

100.0% 

5 1.5% 

43.5% 

3.3% 

17% 

—  rz  unknown,  but  assumed  to  be  negligtble 

'Includes an  estimated  $1.5  billion  in  state  and  local  government  funds  provided  to  university  and  college  performers. 

Federally  funded  research  and  development  centers  (FFRDCs)  conduct  R&D  almost  exclusively  for^e  by  the  Federal  Government.  Expenditures  for 
FFRDCs  therefore  are  included  in  Federal  R&D  support,  although  some  non-Federal  R&D  support  may  be  included  in  the  totals. 


See  appendix  table  4-2. 
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local  KovoninuMits  |)n)vi(U»d  roujihly  9  |)iMwnt  of  tin*  aca- 
demic R<!cl)  total  in  1991.  slij^htly  moiv  than  tin*  8-|)cr- 
cent  share  the  sector  In^ld  in  1980. 

Federal  in-house  K&l)  i)erf()rniaiKH»  rtm^htul  an  (esti- 
mated $16  billion  in  1991,  or  2^)  |)tM-cent  of  all  In^diM'al 
RiVrl)  (expenditures  ($66  billion).  Of  this  Federal  fund- 
ing total. 

•  49  |)ercent  fundi^d  industiy  and  affiliated  FFKDCs; 

•  15  percent  went  to  universities  and  colleges; 

•  7  |)iWMit  funded  FFKDCs  administered  by  universi- 
tit*s;  and 

•  4  |)ercent  was  for  institutions  in  tin*  nonprofit  st^ctor. 
including  FFKDCs  administered  by  n()ni)n)fits. 

(See  text  table  4-1  ) 

Character  of  Work.  D(*vel()i)miMit  continues  to  ac- 
count for  the  lion  s  share— (H  percent— of  U.S.  K<S:D 
funds.  An  estimated  2\\  piMViMit  of  the  lf)91  RiScD  total 
was  for  a|)|)lied  ri^search;  the  remaining  16  |)erctMit  was 
for  basic  research.  Kach  of  the  sectors  funds  and  |)er- 
forms  basic  research.  ap|)lied  research,  and  devt*loi)nKMit 
to  vaiyiuK  decrees.  Different  sectors,  however,  dominate 
ill  these  R&D  work  cat(*K<>n^*s: 


•  hi  199U  industry  lUM'formed  86  ixMvent  and  funded 
58  i)erc(MU  of  development  1  hi*  In^dcM'al  (iovernmiMit 
funded  almost  all— 41  iHM'cent — of  tin*  rest. 

•  hulustiy  piM'formed  ()8  juMVent  and  funded  56  per- 
ciMit  of  thi*  applied  research  total. 

•  Tin*  FedtM'al  CiovermntMit  fuiuK^d  61  ixM'ciMit  of  all 
hasie  research:  47  i)ercent  was  performed  by  univiM- 
sities  and  collej^es. 

(StH*  fi}^ure4-;^>.) 

Federal  Support  for  R&D 

Federal  sui)|)()rt  for  Rc^'D  is  an  imi)()i1ant  indicator  of 
j^ovtM'miuMit  s  oviM'all  commitmtMit  to  maintaininj^  th(* 
Nation  s  ScSrT  bast*  and  building  its  ttvhnolouical  leader- 
shii).  UndoubtiKlly.  tin*  most  imi)()i1ant  mc^ans  of  Federal 
su|)|)()rt  for  Rc^'D  is  direct  funding.  ^'  hich  is  now  ap- 
IM'oachioK  dost*  to  >>70  billion  annually.  This  sui)i)ort 
indudt^s  funding  for  iM'o^rams  traditionally  in  tin*  k<>v- 
iM'nmiMit  |)urvi(*w — such  as  national  defensi* — and  for 
activitii^s  for  whidi  the  j^ovtTiimcMit  and  the  |)rivate  sec- 
tor shart*  resi)()nsibility;  Ibr  exam|)le.  liromotin^  lonj^- 
term  economic  growth  through  small  busini^ss  research 


Figure  4-3. 

National  R&D  expenditures,  f  unders,  and  pei1i>rmers,  by  character  of  work 


Billions  of  constant  1982  dollars 


Percent 
1O0 


100 


R&D  expenditure  trends 


R&D  funders  and  performers:  1991 


Development       Applied  Basic 
research  research 


Developmera 


Applied 
research 


Basic 
research 


Federal 
Government 


Industry 

□ Universities 
and  colleges 


Other 


Funders 


Performers 


See  appendix  tables  4'4, 4'5.  and  4-6. 
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support^"  OlIuT  key  nu'rhanisins  of  hVdtM'al  support 
include  ihc  various  tax  and  rcjiulatoiy  provisions  that 
wiTc  enacted  durinj«;  the  eighties  to  eiicourajje  j^reater 
research  sp(»ndinK  JHhI  coopcM'ation  ainonji  economic 
sectors.  This  section  presents  an  overvii'w  of  direct 
Federal  KiKrl)  support,  first  by  defining  asptrts  and  pat- 
terns of  that  support — character  of  work,  aj^ency,  ptM*- 
foniKM*,  and  scienci*  and  (Mij^ineeriiiK  (S*K:I'!)  field — then 
by  describinK  two  sjurific  \<i<l)  funding  initiatives,  and 
suniniari/inji  Keck'ral  K^V:!)  s|)en(li\iK  objtrtives.  The  sir- 
tion  concludes  with  a  discussion  of  indirect  ini'thods  of 
Federal  KcVrl)  sup|)()rt. 

Federal  Obligations  for  R&D 

Federal  KiV:!)  funding  |)attt»rns  ovi'r  the  |)ast  decade 
ck'arly  n^llect  chan^inj^  frovernnu'iit  investinj^  |)riorities. 
The  foHowiuK  sections  t»x|)l()ri»  tlu»se  |)alti»rns  and  prioii- 
tu's  by  providing  summary  information  on  Federal  R»M;I) 
support  by  charactiM*  of  work,  aj^ency  sjjonsor,  cati'^oiy 
of  performer,  and  scientific  field  of  ri»st»arch  su|)|Jort.'' 

Trends  in  Basic  and  Applied  Research  and  Devel- 
opment From  19H0  to  development  oblij^ations 
(see  "Definitions."  p.  91)  j^rew  by  about  40  |)ercent  (in 
constant  dollars),  mainly  because  of  (lefensiH*(»lated  RcK:!) 
work,  which  is  90  iH'ivent  development.  Most  of  these 
^ains,  however,  occurred  I'arly  in  the  decade;  since  1987. 
both  development  and  defiMisi'  siu'iulin^  have  tajjeivd 
off,  and  I'ven  (kvlined.  (See  a|)pendix  tabk'  4-8.) 

Over  the  same  1980-01  |)(M*i()d.  basic  (mostly  non- 
defense)  n^seareh  i^wv;  by  more  than  ()0  |)erc(Mit,  with 
most  of  the  j^rowth  occuirinj^  since  tin*  mid-1980s.  This 
growth  exem|)lifi(»s  the  |)i*evailinK  ^()vei*mnent  view  of 
basic  research  as  i^ssential  to  the  Nation  s  sciiMitific. 
technological,  and  socioeconomic  futur(^  In  conti*ast. 
ln'(l(»ral  funding  for  a|)|)lied  restm^h  has  been  nwhw  fiat 
since  1980.  n^fleclin^  thi^  Administration  s  policy  that  |)ri- 
vati*  industiy  can  ri'S|)on(l  to  non^overnniental  market 
needs  better  than  can  the  I'^nkTal  (lovernment  in  mak- 
ing civilian  a|)|)lied  K<vtl)  investment  decisions.'- 

Patterns  of  Federal  Agency  Support.  In  1991.  the 
Fedi'ral  (lovernment  oblij^att^d  an  estimatt^d  S<^8  billion 
in  sup|)()rt  of  and  ix^latt^d  facilities.  Although  som(* 
21)  Federal  a^^encies  contributed  to  this  total,  9r)  |)ere(Mit 
of  the  1901  I'VdtTal  \<i^\)  su|)|)()rt  total  was  ])rovi(k*d  by 
just  ()  i»^(Mick's.  as  follows: 


l^rrriii  rt'sciMi  h  \^^^^■^  uiuovi'ird  ;i  I'omph'nu'UtaiA'  iftdinrt  relation- 
ship bi'(\vi'i'!»  K'oviM'imniil  Ki^D  liiiidiiiK  .iiid  privalc  Ki^^l).  l  ink, 
iJij/rman.  and  LiA'dm  i\\)\H))  loiind  llial  Im'i'cascs  in  l-i'dcral  \<k^\) 
l  ijtilraris  to  linns  are  posiiivcly  relait'd  (in  a  l  ansal  siMisc)  !o  iiu'ivaM-s 
ill  inilustiy's  srll  liiianccd  Ki^D.  l  ui'lhrrnuMr,  iiicirascs  in  K'>v<'i  n- 
inrnt  KM)  lo  indusiiy  siiniulah'  a  uivater  sharing  (d  lirnis'  tirhniral 
knowli'dk't*. 

'  Srv  aN(i  OTA  (H)Wl)  Inr  a  review  ol  issues  rclaled  in  l-'ederal 
ri'srari'li  snpport. 

•  Im)!'  a  discussion  id  wvvwl  l-Vderal  S<^^T  policy,  m-c  OMU  (lUlH). 
Council  ol  l.Vononiic  Advisers  {IDDU.  and  OSTI*  (lonliconiih^'r 
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Figure  4-4. 

Fedsral  R&D  obligations,  by  selected  agency 


Billions  of  constant  1982  dollars 


8 


6  - 


3S 


All  olher 

1980    B2     64     80     88  90 


HHS  / 


Other  non-DOD 


NSF 


USDA 


J  \  L 


J  \  L 


J  L 


1 980      1 982      1 984      1 986      1 988      1 990 

See  appendix  table  4-8.    Science  &  Engineering  Indicators  -  1991 

•  DOD.nSiKraMit; 

•  I)('|)arUm'iil  of  Heallh  aiul  Human  Sci-vicvs  (HHS), 
IT)  iHTevnl; 

•  Nalional  At^'onaiilics  and  Spact*  Administration 
(NASA),  12|)nv('nt; 

•  Dcparlnu'nl  of  Kncr^  (DOK).  ^'  |)('ra'nt; 

•  Nalional  Scit'iicc  I'oiindalion  (NSK),  ?i  piTct^nl;  and 

•  lV|)ailnu'nl  of  AKricullurc  (USDA).  2  privrnL 

(St'i»  a|)|)('n(lix  lablt*  4-8.) 

Sinrc  H)H1, 1)01)  has  |)r()vi(l('(l  nioro  funds  annu- 
ally (for  both  in-housc  and  external  research)  than  all 
other  agencies  combinc^d.  (See  figure  l-lj  This  domi- 
nance in  DOI)  s  fundinj^  share  peaked  in  19H()  at  1)4  per- 
cent of  lolal  and  has  sinct*  declined  by  about  10  |)ercent' 
aj^c*  points. 

HHS— and  its  Nalional  Inslltules  of  Health  (NIH)  in 
|)arliculai' — accounts  for  the  sc^cond  largest,  and  ^vow- 
iiiK*  share  of  the  Federal  \<(S:l)  funding  lolal.  HHS  is  also 
the  source  of  roughly  40  p(Tcenl  of  Federal  basic 
resi^arch  funds  disbursi'd  nationwide,  most  of  which  an* 
slated  for  research  in  the  life  scienci^s.  Between  H)8() 
and  11)91,  total  K<S:I)  funding  by  HHS  ^rew  ^;4  billion,  or 
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37  percent  in  constant  dollars.  A  substantial  amount  of 
this  fundiuK  was  for  AIDS/HIV  research. 

NASAs  recent  R&I)  budget  has  also  climbed  sij^nifi- 
cantly.  Like  that  of  HHS,  it  was  up  $4  billion— an  esti- 
mated 81  percent— during  the  198(>91  period.  One-third 
of  NASAV  estimated  1991  R&I)  budget  is  slated  for  the 
controversial  Space*  Station  Freedom. 

In  contrast  with  uie  R&I)  growth  for  NASA  and  HHS, 
DOP:  R&I)  proKrams  have  declined  (after  adjusting  for 
inflation);  research  fur-ding  provided  by  NSF  and  USD  A 
has  been  relatively  level  since  the  mi(l-198()s. 

In  terms  of  agency  support  by  character  of  work,  1)01) 
emphasized  programs  in  their  development  stage: 
Relatively  little  1)01)  funding  was  provided  for  basic  or 
applied  research.  Aggregate  funding  by  all  other  Federal 
agencies  was  more  evenly  distributed  among  the  three 
R&I)  categories  (about  30  percent  of  total  for  each);  these 
agencies  provided  the  remaining  10  percent  of  their  total 
R&I)  funds  for  R&I)  plant  projects.  (See  figure  4-5.) 

R&D  Agency-Performer  Patterns.  Over  the  years, 
one  or  two  PVderal  funding  ag(»ncies  have  come  to  pro- 
vide the  bulk  of  R&l)  support  to  each  of  the  different 
types  of  R&I)  performers.  For  example,  total  Federal 
R&I)  obligations  to  FFRDCs  are  dominated  by  funding 
from  DOE  and  DOD;  the  largest  shares  of  R&D  funds 
for  academic  and  other  nonprofit  performers  originate  in 
HHS.  (See  text  table  4-2  and  appendix  table  4-10.) 
Similarly,  DOD,  NASA,  and  DOE  sponsor  applied 
research  within  industrial  firms  and  FFRDCs  adminis- 
tered by  either  universities,  industry,  or  nonprofit  institu- 


tions. NIH,  in  contrast,  expends  the  bulk  of  its  applied 
research  and  development  funds  at  nonprofit  institutes 
and  the  research  hospitals  of  Uie  academic  sector. 

The  largest  recipient  of  b'lsic  research  funds  (in  terms 
of  estimated  1991  total  agency  obligations)  is  universi- 
ties and  colleges  (47  percent);  this  sector  is  primarily 
funded  by  HHS  (51  percent),  NSF  (24  percent),  and 
DOD  (9  percent).  DOF,  as  in  its  support  of  applied 
research  and  development,  io  the  largest  provider  of 
basic  research  funds  to  FFRDCs  under  contract  with  uni- 
versities. Federal  obligations  for  basic  research  in  pri- 
vate firms  are  concentrated  in  the  budgets  of  NASA  and 
DOD.  Federal  in-house  work  on  basic  research  pro- 
grams is  distributed  among  at  least  six  major  agencies, 
with  the  largest  portions  conducted  at  NIH  and  NASA 
laboratories.  Smaller  portions  are  performed  at  the 
Department  of  the  Interior's  (ieological  Survey  and 
USI)A's  Agricultural  Research  Sei^vice.  (See  appendix 
table  4-9.) 

Fields  of  Science  and  Engineering.  Obligations  for 
the  life  sciences  dominate  the  Fed(  lal  basic  reseairh 
support  total.  (See  appendix  table  4-12.)  Such  funding 
has  grown  steadily  since  the  early  eighties.  (See  figure 
4-6.)  By  1991,  it  accounted  for  45  percent  ($5.6  billion)  of 
the  Federal  total  ($12.3  billion).  This  growth— especially 
in  the  biological  sciences — reflects  the  mission  interests 
of  NIH,  the  major  funding  agency  for  life  sciences.  DOE 
provides  most  of  its  funding  for  basic  research  in  the 
physical  sciences,  which  have  also  experienced  steady 
growth  over  the  past  decade  and  now  account  for  a  24- 


Figure  4-5. 

Federal  obligations,  by  agency  and  type  of  activity:  1991 


R&D  plant 


Development 


Applied  research 
Basic  research 

See  appendix  table  4  8. 
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Text  table  4-2. 

Estimated  Federal  R&D  obligations,  by  agency  and  performing  sector:  FY  1991 

Performer  total 

Federal  Primary  Secondary 


Performer 

obligations 

funding  source 

funding  source 

 MillinnQ  of  HnllflrQ — 

■Percent — 

-Percent — 

66  107 

•    I                                     WW|  1  V  1 

U\JU 

00 

nno 

1  0 

Intrflmiirfll  IflhorfltoriP^ 

16  396 

UUU 

DO 

MAC  A 

10 

InHiiQtrifll  firmQ 

31  512 

UUU 

on 

Kl  A  C  A 

INAoA 

1/1 
1*1 

lnHimtr\/>r)Hmini<«tPrpH  PPPr^Pc 

2  062 

UUc 

UUU 

1 A 

1  Iniuorcitioc  anri  POllpnOQ 

9  191 

HHS 

54 

NSF 

16 

3.654 

DOE 

59 

NASA 

19 

Other  nonprofit  institutions  

2,302 

LJLJC 

Hrlb 

MAC  A 

1  n 

lU 

M/Minrof it.aHminictoroH  PPDn^^c 

482 

UUU 

05 

UUc 

IP 

LJLJC 

Hrlb 

4U 

MCC 

Nor 

1  o 

2  782 

LJLJC 

nno 

00 

MAC  A 

on 

InHiictrial  firiTlQ 

1  043 

MAC  A 

0/ 

UUU 

iO 

InHi iQtr\/>flHiTiiniQfprpH  PPDnr^Q 

194 

UUc 

90 

nno 

c 

o 

1  Iniworcitioc  anri  PnllPOPQ 

5  721 

HHS 

51 

NSF 

PA 

1.267 

DOE 

71 

NASA 

18 

Other  nonprofit  institutions  

1.077 

UI-IQ 
nno 

0«7 

nop 

1 

1  0 

Nnnnrnfit-nriministprpri  PPRRHq 

68 

UUb 

on 

UUU 

0 

AnnlipH  roco£>rr>h 

10  Q6^ 

LJLJC 

nno 

OQ 

UUU 

OQ 

£.0 

4  084 

UUU 

MAQA 

on 

InHiiQfripl  firnfm 

2  384 

UUU 

Afi 
**0 

MACA 
NMoA 

0*1 

InHi iQtru-pHminiQtprpH  PPRRPq 

311 

UUc 

yy 
f  f 

UUU 

O 
D 

1  lni\/prQitiPQ  anri  pnllpnPQ 

2  635 

HHS 

62 

DOD 

10 

596 

UUc 

01 

MACA 

NAoA 

do 

720 

HHS 

64 

NASA 

8 

Nonprofit-administered  FFRDCs . .  .  . 

70 

DOE 

60 

DOD 

13 

42,888 

DOD 

78 

NASA 

11 

9,530 

DOD 

80 

NASA 

12 

28.084 

DOD 

86 

NASA 

10 

Industry-administered  FFRDCs  

1,557 

DOE 

83 

DOD 

17 

Universities  and  colleges  

835 

HHS 

53 

DOD 

34 

1.791 

DOE 

50 

DOD 

32 

Other  nonprofit  instltu'Jjns  

505 

HHS 

44 

NASA 

25 

Nonprofit-administered  FFRDCs    .  . 

345 

DOD 

88 

DOE 

11 

DOD    =  Department  of  Defense 
DOE    =  Department  of  Energy 

FFRDC    Federally  funded  research  and  development  center 
HHS    =  Department  of  Health  and  Human  Services 
NASA  =  National  Aeronautics  and  Space  Administration 
NSF     =  National  Science  Foundation 
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\mvvn\        billion)  basic  nsrarch  sliaiv. 

The  aiiiouiils  oblij^att^d  for  applied  nscarch  in  IVderal 
UKtMicy  1991  budj^ets  about  thiviMourtbs  as  nuicb 
as  csliiiiated  basic  research  obligations.  Lile  sciences 
a^ain  received  the  largest  funding  support  {see  appendix 
table  4-13).  and  outstripped  eiiKineerinK  in  terms  of  rela- 
tive shares:  l^f)  percent  V(Tsus  31  piTcent.  respectively,  in 
1991.  A  decade  aj^o.  the  funding  shares  of  these  two 
fii»lds  were  reversed,  This  shift  is  explained  not  only  by 


^rowtli  in  the  lift*  sciences  but  also  by  a  decline  in  en^n- 
neeriiiK  support  {in  constant  1982  dollars):  Since  1980. 
Federal  applied  research  support  for  en^ineerinK  has 
fallen  about  11  percent.  Applied  research  funding  for  tin* 
physical  scicMiees  also  fell  in  the  198()s.  down  approxi- 
mately    ptM'cent  since  1983. 

An  exception  to  these  downward  IriMids  in  Federal 
applied  research  support  was  the  mathemalies  and  covii- 
puter  sciences  field,  which  ^rew  nearly  9  percent  per 


111* 
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Figure  4-6. 

Federal  obligations  for  research,  by  field 
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See  appendix  tables  4-12  and  4>13. 
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year  iVoni  19K()  to  H)91.  Indrrd.  [\\v  lar^^^l 
Federal  growth  in  both  basic  and  applit^d  rt^search  lund- 
injl  were  for  nialhcmatics  and  conipnltT  seitMU  ts.  Total 
research  for  this  field  niort^  than  doiibk^d  (alter  adjusting 
lor  intlalion)  ^inee  1980.  Yet,  howc^ver  impressive  the 
rate  of  finidin^  Kn>wlh.  the  level  of  support  for  this  fu^ld 
changed  only  marginally— niatheniaties  and  computer 
scienc(*s  rose  from  a  2-p(M'ctMit  shart^  of  th(^  1980 
research  total  to  an  estimated  !)  ptM  ccMit  in  199L 


Small  Business  R&D'  ^ 

Congress  enacted  the  19H2  Small  Business  hinovation 
Development  Act  (IM..  97-219)  with  the  intent  of 
stren^tlu^nin^Mhe  rok^  of  small  innovative  firms  in  ivdw- 
ally  supported  K&I).  Specifically,  the  statute  cremated  tin* 
Small  Business  Innovation  Research  (SBIR)  Program; 
the  Small  Business  Administration  (SBA)  was  nanu^d  as 
its  coordinator.  Under  this  program,  when  an  agency's 
external  K&D  obligations  (that  is,  those  exclusive  of  in- 
house  Kikl)  performance)  exceed  tSlOO  million,  the  agen- 
cy must  set  asi(k*  l.^f)  peMXHMit  of  such  obligations  for 
SBIK  projects.  The*  SHIK  Pro^n'am  (Micompasses  tlu^  lol- 
lowin^  threr  phases: 

•  Phase  I.  Phase*  I  awards  ave^ra^e*  sr)(),()0()  and  are 
mack*  to  (*vakiate  the*  scientific  and  t(*chnical  nu*rit 
and  feasibility  of  an  ide*a. 

•  Phase  11.  Phase  I  pre)je*cts  with  the  most  i)()tential 
are*  fun(k*(l  to  further  (le*ve*lop  the*  propose*(l  i(le*a  k)r 
1  or  2  years.  Most  phase  II  awards  are  funded  for 
less  than  $5()(),()()(). 

•  Phase  111.  Phase  111  is  initiat(*(l  whe*n  an  innovation 
is  brought  to  market  by  private  se*ctor  investme*nt 
and  support.  No  SBIK  funds  may  bv  us(*d  for  phase 
III  activities. 

Kle*ven  Federal  a^a*ncies  participated  in  the  SBIK 
Program  in  19K9.  (Se*(*  app(*n(lix  tabk*  4-14.)  Prom  19«:! 
to  19K9,  obligations  for  SBIK  awards  totaled  more*  than 
Sl.H  billion;  since  19K5,  they  increased  on  average  by 
more  than  10  percent  (in  constant  dollars)  per  ye*ar. 
Awards  in  19K9  alone* — $4?)2  million — account(*(l  for  0.7 
perc(*nt  of  all  government  R&l)  obli^^ations.  More*  than 
one*-half  of  total  SBIK  obligations  were  disbursed  by 
1)01),  mirroring  this  agency's  share  of  the  Federal  lUsiD 
fundin^Motal.  (Se*(*  fi^nir(*4-7.) 

SBA  classifies  SBIK  awards  into  various  te*chnolo^fy 
are*as.  (Se*e*  appendix  tabk*  4-15.)  In  19H9.  the*  advance*(l 
mate*rials  ar(*a  r(*ce*iv(*(l  the*  lar^u*st  share*  of  phase*  I 
awards,  and  information  processing  was  the  le*adinK  lech- 
nolo^y  area  for  phase  II  awards.  Kou^hly  one*-fifth  of  all 
SBIK  awards  made*  dining  tlu*  19H;5-H9  period  we*re*  com- 
pute*r-re*late*(l.  and  one*-fifth  involve*(l  e*k*ctronics.  ()ne*-sixtli 
of  SBIK  awards  we*nt  to  life*  scu*nc(*  re*s(*arch;  the*  bulk  of 
such  funding  was  provi(lc*(l  by  HHS.  Mate*rials-r(*late*(l 
re*se'arch,  which  was  fun(le*(l  largely  by  DOK  and  NSP. 
accounted  for  another  one-sixth  of  total  SBIK  awards.' ' 


'  This  s(*ction  deals  with  I'VdiTal  luiulinK  <>1  ii'sriiivli  aiiivilics  in 
>inail  lousinesses;  niufli  ol  iliis  inlorinalion  is  drawn  Iroin  the  Olliee  ol 
Innuva!ion,  Kescarelv  and  TeeluKdo^y  ol  the  Small  Ilusiness 
Adniinisiration  (1!HH)),  See  rliaplef  (i.  "Small  Pmsiness  and  lli^li 
Teehnnlo^y."  |)p.  l.Tz-Kio.  hu'  lurllief  disnission  m  ilie  role  ol  small 
businesses  within  the  entire  SiVT  system. 

'For  a  felativeh.  recent  -and  lavorahh — assessuienl  ol  the  SHIR 
IVo^uani,  seeCiAO 
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independent  Research  and  Development' ' 

The  In(U»|HMul(Mil  Research  and  DiwlopiiuMil  (IKcKrD) 
Program  (Miables  iiulustiy  to  obtain  Federal  luiuliiifi  tor 
K&l)  conduded  in  anticipation  of  K<)vernnient  defense 
and  space  n(*eds.  Because  it  is  initiated  by  private 
contractors  tlieniselves,  l\<&\)  is  distinct  from  tlie  \<&\) 
performed  under  contract  to  ^M)veriunent  ajfcncii^s  for 
specific  purposes.  IKc^I)  allows  contractors  to  recover  a 
portion  of  tluMr  in-house  Ri<\)  costs  throu^di  overhead 
payments  on  Federal  contracts  on  the  same  basis  of 
reimbursement  as  for  ^aMieral  and  administrative 
expenses.  All  reimbursable  IK&I)  projects  must  have 
"potential  military  relevance." 

Briefly,  the  IK&l)  process  is  as  follows:  Contractors 
develop  an  \\<i^\)  plan,  bejiin  work,  and  then  submit 
descriptions  of  all  current  and  expected  IK&I)  projects 
("IKcKrD  costs  incuired''  in  fifiure  4-8).  Subsecjuent  transac- 
tions with  th(»  government  may  have  mar^nnal  effects  on 
thes(»  plans,  but  contractors  procin^d  without  awaiting'  ^Gov- 
ernment action.  Followinfj:  a  DO!)  technical  review  of  the 
plan,  an  advance  afj;r(»ement  on  the  "allowable  ctMlin^^''  for 
jjovernment  reimbursement  is  nej^otiated  as  is  the  per- 


''h)r  a  tIi()n)UKli  disaission  of  tlu*  iiuU'iMMultMit  resourdi  aiul  (h'Vfl- 
opmtMit  procvss — incIudiiiK^  an  asst'ssiiuMit  of  its  bciu'fits.  costs,  and 
justifications— set*  \Vinstt)n  (1985)  and  AU'xandor.  Hill,  and  Hodilly 
(U)W)).  Matnial  in  Ihii;  soclion  is  based  lawly  on  lh(st»  l  eports. 


Figure  4-8. 

Independent  research  and  deveSopment 
(]R&D)  costs  and  reimbursements 


Billions  of  constant 
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Figure  4-7. 

Federal  R&D  obligations  for 

Small  Business  Innovation  Research  awards 
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LTiita^H*  of  the  costs  that  the  jjioviMimuMU  will  reimburse^'* 
This  "fair  share''  perceiita^u*  is  in  reco^Miitioii  of  ihv  fact 
that  at  least  some  part  of  iiulustiy's  m)vh\  have  been 
undertaken  solely  or  primarily  for  commercial  pinposes. 

In  1989,  industrial  firms  were  estimated  to  have 
incurred  S4.8  billion  in  IKcKrI)  costs,  of  which  s:i.H  billDn 
were  d(*emed  to  hav(^  potential  militaiy  relevance.  Tiie 
^n)vernnuMU  reinil)ursed  82.;)  billion,  or  48  percent  of  tin* 
\\<&\)  total.''  This  fijiure  is  up  from  the  ;{7-percent 
share — 80.9  billion — reimbursed  in  1980;  that  is.  at  the 
start  of  the  defiMise  buildup  early  in  ihv  decade. 

Both  the  amounts  incurred  and  the  amounts  reim- 
bursed hav(*  held  rather  stiwly  since  1084:  After  adjust- 
ing for  inflation,  however,  thes(*  funds  have  declined  con- 
siderably. (See  fi^nire  4-8.)  As  an  equivalent  proportion 


•  NASA  iilso  n  iiiibiirscs  soffic  IK\*|)  costs  and  cIdscIv  lolldws  |)()|) 
pnu*('(hin's.  Diii'ifiK  the  lUSOs.  the  NASA  rcinihiirsciiu'iits  lypicnily  ran 
less  than  f)  pcivcnl  ol  lhosc  hy  |)()|).  |)()|!— -or.  more  pnviscly.  ils  pre- 
decessor aMcncics — used  to  reimburse  IKiVD  l)iil  does  not  at  pn-senl. 

'  TIk'  IKiVI)  data  reported  here  are  for  oidy  the  KH)  or  so  niaj(»r 
delense  contractors  whose  accouiMs  are  audited  aiul  reported  by  the 
Defense  Contract  Aiulil  A^eni-y  (UCAA).  in  aciordance  willi  P.L. 
111.  These  companies  did.  however,  accomil  for  approximately  \)7  per 
( ent  of  all  IKiVd);  the  remaining  •>  percent  was  accounted  tor  hy  some 
i:;.(HH)  other  defetise  i ontractors  (Alexander.  Hill  and  lUxlilly.  VMK  cit- 
ing l^^V!)  statistics).  I  "nlortutiati'Iy.  may  be  the  last  year  lor  which 
IRiVI)  (lata  ar<'  readily  availai)le.  'I'he  liscal  y<'ar  IIMM  Ai^propriations  Act 
repealcti  the  |)rovisi(Mis  ihut  re(|uire(|  |)(  AA  to  ccdiect  IRiVI)  data. 
I  )CAA  conse(|nently  no  lon^^M"  intends  to  compile  these  statistics. 
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of  combined  001)  and  NASA  industrial  Kikl)  support, 
IK&l)  (vW  from  11.4  piMTcnt  in  1984  to  S.S  percent  in 
1989.  (See  appendix  table  4-lH,)  f  tiven  the  more  recent 
slowing  in  Federal  defense  R&O  support  overall,  this 
downward  trend  in  IR&O  is  likely  to  continue. 

Federal  R&D  Support  by  National  Objective 

Funding  Trends.  The  Office  of  Management  and 
BudKel  classifies  all  activities  within  the  Federal  budget 
into  20  functional  categories.  There  are  If)  '^functions" 
that  contain  Federal  K&V  proKranis.^'  Trends  in  lH»(UTal 
K&O  functional  fimdiiiK  patterns  ko  a  loiiK  way  toward 
defining  overall  national  K&l)  trends.  In  each  of  the  past 
three  decadc^s.  major  Federal  R&O  ^rowlli  spurts  were 
concentrated  in  a  spcrific  function:  in  the  sixties,  space; 
in  the  seventic»s,  cMier^,  especially  nuclear  ener^^;  and 
in  the  eighties.  dc»fense.  (See  fiKure  4-9.)  hi  each  case, 
the  K&O  focus  mirrors  the  national  policy  objectives  of 
the  period,  as  indicatc»d  in  Ft»deral  spendiiiK  documents. 

1992  Funding  Patterns,  FunclinK  for  health  (41  per- 
cent) andK^»neral  science  (21  percent)  dominate  the  esti- 
mated 1992  Federal  basic  research  authorizations.'''  (Sec* 
appendix  table  4-18  and  "Definitions,"  p.  91.)  In  terms  of 
Federal  budget  authority  for  total  research  and  (levelo|> 
nient.  the  following  five*  functions  account  for  92  percent 
of  estimated  1992  funds: 

•  National  defense — 60  percent,  including  both  001) 
and  DOK  funds; 

•  Health — K^perccMit; 

•  Space — 11  pcTcent; 

•  (ieneral  science — 4  perc  ent;  and 

•  KnerKy — 4  piMVent. 

(See  figure  4-10.) 

Three  other  functional  arenas  of  Federal  concern  each 
accounts  for  between  1  and  percent  of  R&O  budj^M 
authority:  transpoilation,  natural  resources,  and  agricul- 
ture. Recent  actions  su^Kest  increased  n(*ar-term  R&O 
funding  for  (»ach  of  tlu»sc»  objectives.  For  example,  fund- 
ing for  USOAs  new  National  hiitiative  for  Research  on 
AKricultun\  F^kkI,  and  Fnviroiiment  was  provided  in  fis- 
cal year  1991.  This  initiative  is  designed  to  focus  basic, 
applied,  and  mission-linked  research  on  the  Nation  s 
food,  forest,  and  agriculture  system  with  particular  attcMi- 
tion  Kiven  to  environmental  compatibility  issues,  the  con- 
tributiuK  role  of  modern  technologies  such  as  biotech- 
nology and  computer  scicMices.  and  the  iniernational 


'M'or  definitions  and  diMijils.  sri'  SKS  (U)!)Oa).  Dma  ivixMlcd  hvw 
ivflivl  cstimalcs  loi*  \<^\)  \)H)^mus  roiitaincd  in  (he  Adiniiiislialion's 
\W2  bud^t'l  proposal  suhmiUt'd  Hi  C  oii^^m'css  in  I  Vbruan'  IIMU. 

'  IJy  dcfiiiilion.  virtually  wu  {{\)\)\uh\  rcscarrii  or  dcvrlopmcnl  work 
apprars  in  the  Kt'nrral  sriciu'c  oalt'k'<»iy.  in  roiitrasi.  Iicallli  a(Vouiils 
lor  about  7  iKTCfiil  ol  applied  and  dcvclopnuMU  work  coinbiiicd. 


Figure  4-9. 

Federal  R&D  funding,  by  budget  function 


Billions  of  constant 
1982  dollars 

35 1  
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competitiveness  of  U.S.  industries.^'"  The  need  for 
incrt^ased  transpoilation  R&I)  is  similarly  recoKni/ed:  As 
of  this  writinti.  Congress  and  the  Adminislralion  were  in 
mid-debale  as  to  how  best  address  (he  needs  of  the 
Nation^  a^iiiK  transportation  infraslrucUire. 

Combined  Federal  and  Non-Federal  R&D 
Support  by  Objective 

For  any  ^ivcMi  socioeconomic  objective,  (he  FecU^al 
(iovernment  accounts  for  only  part  of  (he  Nation's  K&V 
total.  And  in  fact,  as  was  noted  earlier,  the  Feder 
(iovcM'nmcMit  is  providing  a  declining  shart^  of  nations 
K&I)  funding.  Non-FedcTal  sources,  including  indusliy 
and  state  governments,  are  consequently  playing  a 
much  greater  role  today  in  (kHerminiiiK  the  Nation's 
K&l)  funding?  priorities  than  they  did  'M)  years  a^o. 
Although  it  would  be  difficult  to  distribute  the  national 
K(S:1)  total  anions  specific  cate^orit^s  of  national  objec- 
tives, this  s(\lion  attempts  to  provide  a  persptrlivi^  on 
Federal  and  non-Federal  K&l)  trends  for  defense, 
lu^alth,  and  agriculture. 

Defense,  for  defense  purposes,  there  is  a  sub- 
stantial amount  of  private  funds  in  addition  to  the 


I'oi-  lurlluM  (Iclnils  oil  (he  Nationiil  kcscarcli  InitiiUivc,  sec 
DcpartnitMit  <>1  /Vriculturr  (IMHl). 
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Figure  4-10. 

Federal  R&D  funds,  by  budget  function:  1992 


Basic  research 


See  appendix  tables  4-17  and  4-18. 
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Federal  funding  component.  PVderal  defense  funding 
comprises  DOD  spending  from  its  research,  develop- 
ment, test,  and  evaluation  (W)T&E)  account;  and  DOK  s 
R&D  for  its  atomic  energy  defense  activities.  As  was  pre- 
viously mentioned,  industry  funds  considerable  IR&D 
that  is  only  partially  reimbursed  by  the  government  but 
that  nonetheless  has  potential  military  relevance.  Adding 
these  IR&D  costs  that  are  either  reimbursed  as  over- 
head on  defense  contracts  or  not  reimbursed  af  all 
increases  total  defense  R&D  by  9  percent  for  1989.  '' 


-•'Iliis  pailiciilar  atvouiiliiiK^  approacli  is  suk^k^'^IihI  by  Cailt-r  {WW) 
in  a(l(lr<»ssinjr  tlic  n^vilalizcd  ijolicy-rdcv  aiil  issue  of  duakisr  irchiiolo- 
Knt»s;  i.v  ,  ti'ch!U)li)>:ii'S  with  both  military  and  c-iviliaii/coininetvial 
applicalions.  In  WW  table  DOD's  "IrelnioloKN'  basi "  consists  ol  all 
basic  and  applied  research  expenditures  (().!  fundamental  rescaivli 
and  exploralon*  development  monies  in  DOD's  nomenclature). 
The  rest  is  what  NSF  calls  "development."  including  funds  for  the 
somewhat  j^eneric  notisysteius  "advanced  techiiolo^^y  drveiopmnu" 
work  in  the  DOD  vernacular).  See  also  Hranscomb  (11)81))  for  a 
discussion  of  dual-use  technoloKies, 


This  figure  is  down  slightly  from  the  lO-percent  IR&D 
share  of  defense  total  indicated  for  1980.  (See  text 
table  4-3.) 

Health.  As  would  be  expected,  non-Federal  funding 
for  national  nondefense  objectives  plays  an  even  more 
important  role  than  does  such  funding  for  defense. 
For  example.  non-Federal  sources  for  health  R&D — 
primarily  industry  but  also  private  nonprofit  organiza- 
tions such  as  the  Howard  Hughes  Medical  Institute — 
grew  considerably  faster  than  did  Federal  health  R&D 
support  during  the  eighties.  (See  figure  4-11.)  Ac- 
cording to  NIH,  public  sector  financing  accounted  for 
I'oughly  two-thirds  of  the  total  health-related  R&D  in 
1980;  of  this,  about  (iO  percent  was  funded  by  the 
Federal  sector,  and  the  rest  was  funded  by  state  and 
local  governments.  These  sector  shares  had  held  rather 
steady  since  the  mid-sixties.  (See  appendix  tables  4-19 
and  4-20.)  By  1991.  however,  government's  share  of 
the  estimated  $25  billion  health  R&D  total  had  fallen 
to  just  over  one-half,  with  42  percent  of  the  total  com- 
ing from  the  Federal  (iovernment — mostly  NIH — and 
7  percent  from  the  states  and  localities.  This  decline 
in  the  Federal  share  was  in  spite  of  a  15-percent 
increase  in  the  constant  dollar  support  level  over  the 


Text  table  4-3. 

National  defense-related  R&D  support 


1980  1989 
—Billions  of  dollars— 


Defense-related  R&D  investments ....  16.2  43.9 

Department  of  Defense  RDT&E   13.4  37.5 

Technology  base   2.3  3.5 

Advanced  technology  development . .  0.6  5.8 

Strategic  programs   2.2  6.4 

Tactical  programs   5.2  10.0 

Intelligence  and  communications. ...  1.2  4.5 

Defense-wide  mission  support   1.9  4.2 

Department  of  Energy  def^^nse  R&D  . .  1.1  2.6 

IR&D  with  potential  military  relevance. .  1.7  3.8 

Reimbursed  ceiling   0.9  2.3 

Unreimbursed  ceiling   0.9  1.4 


NOTES;  Details  may  not  sum  to  totals  because  of  rounding.  RDT&E  = 
rosearch.  development,  test,  and  evaluation;  IR&D  =  independent 
research  and  development. 

SOURCES:  Science  Resources  Studies  Division,  National  Science 
Foundation.  Federal  R&D  Funding  by  Budget  Function,  annual  series 
(Washington.  DC:  NSF):  and  Defense  Contract  Audit  Agency. 
independent  Research  and  Development  and  Bid  and  Proposal  Cost 
Incurred  by  Major  Defense  Contractors,  annual  series  (Washington, 
DC:  DCAA). 
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same  11-year  iHTiod.^^'  Private  sector  support,  led  by  the 
R&I)  investments  of  dniR  and  biotechnolofjy  companies, 
grew  by  125  percent  between  1980  and  1989. 

Food  and  Agriculture,  As  with  health  R&I),  recent  esti- 
mates show  considerable  private  sector  su|)p()rt  for  affricul- 
tural  iind  food  research;  this  support  is,  however,  only  oiu*- 
quarter  the  level  of  private  health-n^lated  R&l)  six.»ndinK>'' 
I^iblic  R&I)  support  for  a|,Ticulture  also  is  about  one-fifth 
that  for  health  and  is  provided  cliiefly  by  USDA  for  in-house 
research  by  its  Agricultural  Research  Service  and  Eco- 
nomic Research  Service,  and  for  extramural  research  by 
its  Cooperative  State  Research  Service.  Iliis  last  agency — 
along  v/iUi  stcite  governments — contributes  to  the  57  state 
a.  cultural  experiment  stations  affiliated,  for  the  most  |)an, 
with  land-grant  universities. 

Spending  on  agriculture  and  food  R&I)  was  split  rather 
evenly  between  the  public  and  private  sectors  in  1975, 
with  about  $0.7  billion  each.  (See  appendix  table  4-20.) 
Since  then,  public  agricultural  rest^arch  lias  fallen  slightly 
to  about  43  percent  of  the  1989  $5  billion  national  total; 
industry  research  has  climbed  to  57  percent.  Neither 
source  of  suppuri  expanded  very  rapidly  during  the  eight- 
ies. Increases  in  public  spending  averaged  only  l.H  per- 
cent per  year  (in  constant  dollars)  with  the  largest  gains 
slated  for  the  state  agricultural  experiment  stations; 
industry  support  rose  2.5  percent  annually.  Industry's 
R&I)  expenditures  for  1989  consisted  of  40  percent  food 
R&I)  and  &)  piTcent  R&I)  on  agricultural  inputs,  mostly 
pesticides  and  farm  machinery.  R&I)  expenditures  on 
biotechnology  in  food  and  agriculture  grew  from  almost 
nothing  in  1975  to  an  estimated  $2(K)  million  in  1989— i2 
percent  of  all  agricultural  input  industries*  R&I). 

Indirect  Federal  Encouragement  of  R&D 

Improvement  in  global  competitiveness  and  national 
economic  welfai'e  are  central  themes  of  current  U.S.  (eco- 
nomic policy.  To  help  achieve  these  goals,  several 
Federal  measures  were  put  in  place  over  the  past 
decade,  including  incentive  mechanisms  specifically 
aimed  at  creating  a  more  favorable  environment  for  R&I) 


Consianl  dollar  csliniaU's  arc  basrd  on  the  lUircau  of  lu'oiioinir 
Aiialy^is/NIH  biniiU'dical  n'sranh  and  di'vcl()|)im'nl  |)ricr  index. 
I'sinK  die  dNP  (k'flalor  on  llicsc  licaldi  \<^\)  dala  rcsidls  in  a  iiry-pcr- 
cvui  conslanl  dollar  inert 'asc  in  IVdrral  support  over  ihr  H»8(M)1  peri- 
od and  in  a  23()-pfrcrnt  increase  in  fonii)ine(l  indnstiy  and  nonprofit 
suppoi  L  Since  ihv  index  is  desi^rned  U)  relied  |)rice  inovenienls  in 
bionu'dical  \<^\).  it  i)robaI)ly  measures  real  chan^^es  in  healdi  kX:l) 
exi)endilures  belter  dian  does  the  CSV  deflator  (Holloway  and  Reel) 
U)S7).  Pardey.  Craij^.  and  Hallaway  (198!))  similarly  lonnd  reason  to 
|)refer  an  indvx  spiritic  to  the  .ij^ricultiiral  research  system  over  tli»' 
{iSV  deflator.  'Iliat  |)rice  \\k\v\  is  also  used  here  to  d(»nale  these  food 
and  aKi'indture  R^: I)  data, 

-  Actually,  these  ll^rures— recently  made  available  by  i)r.  C  arl  IVay 
at  KulK^Ts  rniversily— are  lor  \<^\)  pvrformmcv.  rather  than  .support. 
hi  a^'Kt't*k'Jflt'  Icrnis,  liowever.  there  is  iilde  dilTerence  in  cIkhco  of  mea- 
sures, siiict*  indusln'  u>es  about  \)^  percent  ol  its  lood  and  aKrlcidtint 
RiJC'l)  funds  for  in-house  activities  and  contract  work  to  private 
research  firins.  Loss  than  1  percent  u\  indusliy's  in-house  research  is 
IHiblidy  funiled  (Pray  and  Neumeyer 


Figure  4-11. 

Public  and  private  R&D  expenditures 
for  health  and  agriculture 

Billions  of  constant 
1980  dollars 

14  ,  

■  Total  health  R&D 


1960   1965    1970    1975    1980    1985  1989 


NOTE:  Separate  deflators  were  used  for  health  and  agriculture. 
See  appendix  table  4-20.   Science  &  Engineering  Indicators  -  1991 

iiiVL'stment  and  cooperative  activities.  Suiiiniary  statistics 
for  three  such  mechanisms — R&D  tax  credits,  R&I)  con- 
sortia, and  Federal  cooperative  research  and  develop- 
ment a^r^^emenls — are  presented  in  this  section.^* 

R&D  Tax  Credits.  Since  1981,  the  fjovernnient  has 
attemi)led  to  stimulate  corporate  spending  through  lax 
credits  on  incremental  research  and  experimentation 
(K&E)  exi)enditures."'  The  current  tax  credit  is  20  per- 
cent for  the  amount  by  which  a  company's  qualified 
K&I)  exceeds  a  certain  threshold.-*^  The  Tax  Reform  Act 
of  19(SH  allowed  companies  to  claim  a  similar  credit  for 
basic  research  grants,  contributions,  and  contracts  to 
universities  and  other  nonprofit  institutions.  Since  1986 
both  credits  have  been  annually  renewed  and  were  in 
place  at  least  through  the  end  of  1991. 


I'or  a  brief  overview  ol  rt'ceiit  i)uliey  provisions  related  to  iii^^li- 
tediiu)lo^7  trade,  see  NSH  {WW),  pp. 

Not  all  KiVI)  is  eiiKil)le  for  this  credit,  which  is  limited  to  (expendi- 
tures on  lal)orator\'  or  experimental  R&D. 

riie  current  base  structure  for  calculating'  a  com|)auy's  (lualified 
KiVI)  sj)('n(lin)Lr  is  comi)lex  and  was  i)Ul  in  |)lace  by  the  \W\) 
Reconciliation  Hill.  IM..  101-2:^^^.  (See  Siboni  and  McCook  \mi)  With 
various  exceptions,  a  coin|)any's  qualilyiniLr  threshold  is  the  |)ro(lucl  of 
a  lixed'base  |)erc('MtaKt'  multiplied  by  the  average  amount  of  the  com- 
pany's  ^^ross  recei|)ts  lor  the  1  preceding'  years.  The  fixed-base  j)er- 
ceniaKt'  i^  the  ratio  of  Ri^l*,  ex|)eiises  lo  yy/oss  receij)ts  Ibr  the  l!)84'88 
|)enod.  See  also  a  related  analysis  by  Baily  and  lAiwrence  {1990). 
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As  part  of  the  budget  process,  the  Treasuiy  Depart- 
nuMit  ealcuhitt»s  the  impact  on  Federal  revenues  of  vari- 
ous preferential  tax  provisions,  including  the  K&K  tax 
credit.  These  estimates,  called  "tax  expenditures/'  are 
calculated  as  the  net  diff(T(»nce  b(»tween  FedcTal  rev- 
enues thai  would  be  collected  with  and  without  the 
pr(*ferential  provision,  Kiven  the  otherwise  current  tax 
structure.  In  particular.  Treasury  provides  outlay- 
equivalent  fiKures  for  the  K&K  tax  credit  that  are 
directly  comparable  to  R&l)  budget  outlays.  (See 
^^Definitions/*  p.  91.)  These  fifjun^s  show  that  this  indi- 
rect means  of  Federal  K&D  support  ranged  between 
roughly  $1  and  billion  annually  over  the  past 
decade,  an  amount  equal  to  about  3  percent  of  direct 
Federal  R&D  support.  (See  appendix  table  4-21.) 
Based  on  early  data  from  the  Internal  Revenue 
Servic(*'s  Statistics  of  Income,  companies  taking  the 
jjreatest  advantage  of  the  credit  primarily  have  been 
lar^e  firms  that  produce  scientific  instruments,  office 
and  computing  machinery,  chemicals,  and  electrical 
equipment  (see  (iAO  1989b  and  Cordes  1989). 

R&D  Consortia.  Certain  Federal  provisions  have 
been  set  in  place  to  help  fosttM*  cooperative  relation- 
ships within  the  private  sector.  For  example,  the 
National  Cooperative  Research  Act  of  1984  (NCRA) 
encourages  research  collaboration  anions  industry 
competitors  by  better  defining  joint  research  and 
development  ventures  (JRVs)  and  protecting  them 
from  antitrust  suits.^''  NCRA  also  requires  a  public  dis- 
closure of  JRVs,  which  subsequently  appears  in  the 
Federal  Register.  Through  April  1991.  more  than  200 
filinKs  of  U.S.  cooperative  research  v(Mitures  had  been 
registered  under  the  act.  Up  to  one-half  of  the  filings 
are  for  project-spc^cific — often  two-member — ventun^s; 
about  one-fourth  of  the  filings  appear  to  be  for  industry 
consortia  conducting  long-term  R&D  and/or  for 
research  corporations  with  their  own  facilities. 
Although  the  exact  amount  of  R&D  funded  through 
JRVs  or  industry  consortia  is  unknown,  anecdotal  evi- 
dence sugg(*sts  that  less  than  2  ptM'cent  of  industrial 
R&D  involves  interfirm  collaboration.^"' 

Industry-Government  Cooperative  Agreements. 

Thv  v\sv  in  [hv  number  of  privatt*  cooptM'ative  resc^arch 
ventures  has  been  accompanied  by  an  increase  in  joint 

NCUA  slates  thai  JKVs  will  iiol  aiiUnnalirallv  be  I'onsidcn'd  illegal 
as  aiUinMupctilivc,  bill  ibal  siirb  coiisorlia  will  be  jiulircd  atlcr  wcij^h- 
inj,'  polcnlial  bcncfils  aiui  cosis.  Kiirtbcr.  NCUA  liiiiils  polcnlial  liability 
lor  JKV  bcbavior  tbat  iiIlinialHy  is  ruled  anliconipetitivc  to  actual  (osts 
ralber  llian  treble  daina^'es  as  is  otherwise  the  norm.  See  Link  and 
Tassey  iVM)).  Link  and  Maner  (1!^!)).  nnd  Uebre  (HMH)). 

'Any  elassifieation  sebenie  lor  NCRA  lilin^'s  is  bound  to  be  some- 
what subjeelive.  Link  and  Uauer  (H)8!0  provided  the  Irainework  used 
here.  Conjplele  lilinj,'  inlonnntion  is  available  Irom  the  Olliee  ol 
'Leehnoloj^'y  Conunereiali/alion  (UH)1). 

See  Webre  iVM))  and  Uellcore  iWM.  In  any  eveuL  niosl  eoopera- 
live  arranut'ineiits  apparently  are  inlorinal.  l  or  example.  Link  and 
15auer  iW.))  eslimale  thai  up  loM(l  pereent  of  all  I'.S.  indusliy  cooper- 
ative research  arran^'cmenls  in  19H}  were  inioi  nial  partnerships. 


industry-govtMiiment  cooperative  res(»arch  arrange- 
meiits.  The  Fedt^ral  Technolog>^  Transfer  Act  (HTA)  of 
19H6  (P.L.  99-502)  was  enacted  to  promote  the  transfer  of 
technology  from  Federal  laboratories  to  state  and  local 
g()V(M-nments  and  the*  private*  sector.  Approximately  ont*- 
fourth  of  all  F(»deral  R&D  funds  support  ag(»ncies'  intra- 
mural r(»s(»arch  activities.'"  The  act  requires  agtMicies  to 
put  the  fruits  of  this  R&D  investment  to  commercial  use. 
Specifically,  FITA  authori  ^»s  government-owned  and 
-operated  laboratories  to  enter  into  cooptM'ative  R&D 
agreements  (CRADAs)  with  private  industry  and  to 
agree  in  advance  on  the  rights  of  iiidustiy  and  Federal 
participants  to  resulting  inventions. 

The  Federal  I^boratoiy  Consortium  for  Technology 
Transfer  provides  a  support  system  to  help  U.S.  firms 
capitali/(»  on  this  F\»(k»ral  resource.  Although  it  has  tak(»n 
several  years  for  Pederal  agencit»s  to  maki*  the  niri^ssaiy 
administrative  arrangements,  many  have  now  success- 
fully negotiated  CI^DAs  with  industiy  participants.  (See 
DOC  1989.)  By  ihv  (mkI  of  fiscal  year  1990,  nine*  Fc^leral 
agencies  had  entered  into  8(58  coopiM'ative  agreements, 
with  the  number  of  active  CRADAs  growing  substantially 
eveiy  year.  USDA  ai?d  HHS  accounted  for  85  percent  of 
this  CRADA  total  (DOC  1991).''  (S<v  text  table  4-4.)  Data 
on  the  dollar  value  of  these  CRADAs  and  other  transfer 
activity  indicators  are  not  currently  available. 

State-Based  R&D  Expenditures 

Many  studies  suggest  that  a  critical  mass  of  research 
is  one  of  the  fundamt»ntal  requirements  for  high-tech 
industries  to  locate  and  grow  in  a  region.  (See  Malecki 
1980,)  Also,  an  apparent  lesson  of  state  competitions  in 
[hv  eighties  for  major  research  institutions  such  as 
DOD*s  Senmtech  (a  consortium  to  devek)p  manufactur- 
ing UH'hnologies)  and  DOK  s  Superconducting  Super 
Collider  was  that  those  institutions  usually  locate  where 
major  ri»search  and  educational  facilities  are  already 
established  (Osborne  1989). 

This  section  presents  summary  material  on  the  geo- 
graphic distribution  of  the  U.S.  domestic  R&D  (effort, 
'Die  analysis  covers  state  R&D  concentration  levels— in 

"llu'sc  \<^\)  t'xpctulilurcs  include  adininistralive  cosis  ol  inlranui- 
ral  and  ( xtvnuilly  pvrformvd        proj^rains  l)y  I'cdcral  ixTsoinicl. 

NASA  relics  on  llie  National  Aeronautics  and  Sjiacc  Act  ol  VX.)^, 
rather  than  ITI  A.  to  ^uide  its  technolo>,'y  connnerciali/ation  activities. 
Thus,  althouj^di  it  enters  into  cooiMralive  Ut<:l)  aj^reenicnts.  diese  do 
not  tall  under  the  terms  ol  KI'TA.  NASA  estimates  the  number  ot  its 
aK'feements  similar  to  CRADAs  as  follows:  7r>  in  1!)S7.  \)\)  in  H)HS.  127 
in  VMl  and  117  in  HM)().  'i'liese  cooperative  research  activities  are  not 
reflected  in  the  above  fij^'ures. 

Other  aK^'Hcies— notably  DOI!— iierlorm  much  ol  their  research 
Ibrou^di  K't>vcrnment-owne(l  and  cotitractor-operated  l*l**UI)Cs.  rather 
than  ut)veriiment'0\vned  and  -ojHMaled  laboratories  covered  imder 
I'lTA:  much  ol  this  research  has  commercial  potential  that  is  also  noi 
reflected  in  the  above  li.i^ures.  The  National  Competitiveness  Acl  ol" 
extended  CRAPA  jirovisions  U\  uovermiienl-owned  and  conlrac- 
tor-opeiated  I'T'RDC  s.  inchidiiiK'  th<>^t'  sponsored  by  1)01*..  As  ol  July 
linM.  DOI'!  laboratories  had  entered  into  a  total  ol  2\  CUADAs  and 
were  neK<JliJifl'^K  more. 
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Text  table  4-4. 

Number  of  active  cooperative  R&D  agreements,  by 
agency 

Agency  1987  1988  1989  1990 

Total,  all  agencies   33     99    276  460 

Agriculture   9  51  98  128 

Commerce   0  9  44  82 

Defense 

Air  Force   0  2  7  13 

Army   2  9  32  80 

Navy   0  0  2  20 

Energy   0  0  0  1 

Environmental  Protection  Agency  .0  0  2  11 

Health  and  Human  Services   22  28  89  110 

Interior   0  0  1  12 

Transportation   0  0  0  1 

Veterans  Affairs   0  0  1  2 

NOTE:  Not  all  cooperative  agreeements  are  included  under  the  provi- 
sions of  the  Federal  Technology  Transfer  Act.  See  text. 

SOURCES:  Data  submitted  to  the  Technology  Administration 
Department  of  Commerce,  by  Federal  agencies  that  own  or  operate 
laboratories. 
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tlu'  aKKi*^*K<iti'  and  by  srctor — and  indicators  of  the 
rcsoaivli  intensity  of  state  economies.  Also  included  is 
information  on  rec(Mit  triMids  in  state  K<)vernnuMit  su|h 
port  for  science  and  technology,  inchidinu  Ki'owth  in  the 
number  of  stati'-sponsored  S&T  profiranis  and  in  state 
funding  for  K&l)  activities. 

Distribution  of  R&D  Funds  by  State ' 

Top  10  States.  Of  the  S14()  billion  spent  on  Kt^I)  in  the 
United  States  in  1989,  almost  one-half  was  spent  in  just 
five  states  (California,  Ni^w  York,  Michigan,  New  Jersey, 
and  Massachusetts).  Moreover,  more  than  two-thirds  of 
the  national  \<i<\)  (effort  was  performed  in  10  states — the 
preceding  five  alon^  with  Texas,  Pennsylvania,  Ohio, 
Illinois,  and  Maryland. (See  fi^nire  4-12.)  Perfomiance  of 
KcV:I)  in  California  alone  reachi^d  $31  billion  (2:^  ixMvent  of 
thi*  U.S.  total);  \<ik\)  ex|HMiditures  ranged  between  $5  and 
$10  billion  in  each  of  the  othiT  nine  leading  states.  (Set* 
appendix  table  4-22.)  hi  contrast,  the  smallest  'M)  stati's 
collectively  accounted  for  Slf)  billion  (roughly  10  percent) 
of  the  K&l)  conducted  natio.^vide  in  1989. 


'riiis  striion  prcsciiis  iiil()rnKiti(.M  on  ilu^  sialc  loaUion  ot  \<S:\)  ;jt'r- 
I'orinc'd  l)y  indusiiy.  iu'iulcinla.  aud  Kcdcml  a){(Mici(s.  aiui  llic  federally 
luiided  \<^\)  iK'tivitics  of  institulioiis  lltat  aro  pari  of  dio  nonprollt  srr- 
i(»r.  (See  appendix  lahle  \-22.)  Coiisisteiii  daia  on  die  slate  distribullon 
of  iHm-lM'deral  expendilures  used  by  iiouprolil  instilutioiis  are 
nol  compiled.  To  aa'ount  lor  differenees  in  slate  sixes,  these  expeiidi- 
lure  data  are  noriualixed  by  estimates  of  ihe  slates*  eeonoinie  adivity. 

Ill  this  section,  pereenla^t*  sliares  and  relative  rankings  are  based 
(Ml  KiV:l)  pdibniiance  ( xpenciilores  Ijial  eonid  be  distribiiled  <imonK 
the  slates.  Kxduded  from  the  SI  |()  billion  lotal  are  ^'2  billion  of  KiV;l) 
|)erformed  in  Washiiii^lon.  I ).('..  and  an  undistributed  eojiiponeni  of  sf) 
i)illi()n.  (St»e  aiJiw  ndix  table  122.) 


Not  coincldentally.  most  of  the  states  that  are  national 
leaders  in  total  Kc^D  performance  also  rank  anions  the 
leading  sites  of  industrial  and  academic  KSzl)  perfor- 
mance. (See  appendix  table  4-2;^)  For  example,  of  the  10 
states  that  led  in  total  \<Szl), 

•  All  but  1  (Maryland)  ranked  anions  the  top  10 
industrial  i)erformers; 

•  All  but  2  (Ohio  and  New  Jersey)  ranked  amon^  the 
U)\)  10  academic  perfornu»rs; 

•  All  but  2  (Michigan  and  New  Jersey)  ranked  amonK 
the  top  10  federally  funded  nonprofit  performers; 
and 

•  All  but  :5  (New  York,  Michigan,  and  Illinois)  ranked 
amouK  the  top  10  Federal  intramural  performi'rs. 

I'unheniiore,  the*  10  staters  that  rankt^d  hi^hi^st  in  ti'nns 
of  K&l)  ix'rfoniianct*  totals  in  1989  were  similarly  ranki'd 
amonu  the  lar^i'st  10  in  1975.  I'he  relative  stability  in 
research  distribution  indicati^s  that  leadin^^  KtV:I)  ci'ntiTs  are 
not  easily  outcompeted,  especially  over  short  time  ixMiods. 

R&D  Intensity  of  States.  Thv  absoluti'  k^vels  of  \<ik\) 
expenditun^s  noted  above  are  indicators  of  the  curri'nt 
breadth  and  scope  of  St^T  activities  within  states.  To 
some  extent,  they  also  indicate  a  state  s  potential  for  fur- 
ther supporting  such  activities.  Fro^rams  designed  to 
broadiMi  statics'  K*!C:I)  infrastructure  an*  discussed  below; 
however,  to  make  more  meaningful  comparisons 
between  states,  indicators  that  normalise  for  the  si/e  of  a 
state's  economy  are  also  discussi'd. 

'Hie  ratio  of  \<i<\)  exiXMiditun^s  to  (iNF  is  used  to  uauK^* 
a  country's  commitment  to  \<&l)  and  to  measure  the 
chan^a*  in  this  commitment  over  time.  (For  the  United 


'The  exaet  raiikin^^  of  these  10  did  shift  somewhat  between  Ur/f) 
and  \m.  See  SKS  (WW), 


Figure  4-12. 

Cumulative  distribution  of  R&D  performance, 
by  state:  1989 

Billions  of  dollars 
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Stat(?s,  the  R&I)/(;NP  ratio  was  about  '^  percent  in  19890 
Similarly,  the  ratio  of  in-state  R&I)  {X-^rformance  to  aro^^ 
state  product  ((iSF)  can  be  used  to  measure  the  R&l) 
intensity  of  a  state's  economy.*-'  The  largest  R&I)/(iSP 
ratios  were  achieved  in  New  Mexico  (10  percent)  and  Dela- 
ware (6  percent).  Thest?  two  states  were  ranked  15th  aiid 
26th,  resi)ectively,  in  terms  of  total  R&l)  performance.  (See 
text  table  4-5  and  appendix  table  4-23.)  On  the  ()th(?r  hand, 
California  and  New  York  led  the  Nation  in  terms  of  total 
R&I)  performance  but  were  6th  and  18th,  respectively,  in 
terms  of  their  economies'  R&I)  intensity— 5  percent  and  2 
|X»rcent,  respectively.  ITie  median  R&I)/(JSP  ratio  was  1.5 
|X?rcent  in  1989:  25  states  achieved  a  ratio  higher  than  the 
median,  and  the  ratio  in  25  states  fell  below  this  figure. 

State  S&T  Programs 

A  key  indicator  of  the  level  of  growth  in  state  support 
for  S&T  is  the  existence  of  state  government  organiza- 
tions established  specifically  for  S&T  development.  Thv 
following  sections  describe  the  burgeoning  of  state  S&1' 
institutions  and  programs  put  in  place  during  the  eight- 
ies to  support  regional  S&T-based  economic  growth. 

Overview.'^  In  recent  years,  most  states  have  created 
one  or  more  programs  designed  to  enhance  their  tech- 
nological and  competitive  capacities.'*"  Although  these 
S&l  initiatives  are  as  varied  as  the  settings  in  which 
they  have  been  launched,  most  s(?em  to  share  three  com- 
mon goals:  job  creation,  business  development,  and  eco- 
nomic diversification.  According  to  the  Department  of 
Commerce*s  clearinghouse  (see  footnote  'i7),  by  the 
middle  of  1991  all  states  could  identify  a  lead  agency, 
board,  or  commission  responsible  for  the  promotion  of 
S&T-based  economic  development  pn  grams.  No  fewer 


Hk*  Hun>au  of  Kronotnic  Analysis  has  prepared  (iSP  data  tliroujili 
UWfi  and  is  in  th<*  process  of  u|)(latin^'  the  (lala  thronvili  \WX  (ISP  data 
used  li<*n*  w<*n*  c'stinialed  based  on  annual  state  dianj^es  in  etn|)loyee 
eompensation  and  pro|)rietors*  ineome.  Sec*  Kenshaw.  Trolt.  and 
Friedfnl)erK  (l!W«)an(l  apiK»ndix  table 

""Si^-'r"  is  used  liere.  rather  than  Ri^'l).  to  emphasize  the  broad 
ran^M'  of  state  ac  tivitM's  in  sui)porl  of  economic  development  based  on 
scienr<*  and  technolo^iy. 

'Iiifonnation  pre?;<*ntefl  in  this  section  is  taken  from  a  new  data  bas<' 
d<'velo|)<Ml  by  tlie  C learinj^'house  for  State  and  Local  Initiatives  on 
Pro<luctivity.  Tec  hnolov^y,  an<l  Innovation  in  the  Department  of 
Comni<*rn''s  Officeof  the  Assistant  Secretary  forTecbnolo^o'  Policy  of  the 
1e<*hnoloKy  Administration.  'Ilie  Omnibus  Trade  and  ComiM'titiveness 
Ad  of  1988  sixrified  creatioii  of  the  clearinj^bouse  to  s<*rve  as  "a  centnil 
re|M>sitory  of  information  on  initiatives  of  State  and  I(k"iI  j^ovenim<'nts  to 
<'nliance  the  com[)etitiveness  of  American  business  through  th(»  stimtila- 
tion  of  productivity,  technol()^j\\  and  innovation  and  I'Vderal  efforts  to 
assist  Stat<*  and  Vk'a]  governments  to  enhance  comfH'titiveness." 

'Ilie  data  base  contains  information  on  more  than  UK)  different  S<!C''r 
program  variables.  Hie  information  contained  here  n'flect  data  avail- 
able as  of  Au^'ust  UMU.  However.  b<*cause  programs  are  constantly 
coming'  into,  and  Js'oinj^'  out  of,  existence,  accurate  counts  are  difficidi 
ami  there  an*  bciimd  to  be  a  tew  errors  of  in(*lusion.  inten)retation.  or 
omission.  For  another  recent  snai)sbot  of  state  S^T  pro^'rams,  s(m* 
Phelps  ami  Hrockman  {\m). 

i'or  a  surninarv'  of  states'  historical  involvement  in  Si^rT  proj^'rams, 
see  NSU  (liWfl).  pp.  i)H-l()l.  For  a  detailed  analysis  of  trends  in  the 
eighties,  see  Osborne  (H)H8).  Osbonie  iVM))  provides  a  |)reliminary 
assessment  of  various  state  S(^'T  mechanisms. 


Text  table  4-5. 

State  ranking  of  total  R&D  performance 
and  research  intensity:  1989 


Rank 

Total 

R&D/  Total 

R&D/ 

R&D 

GSP'  R&D 

GSP' 

1  California  .... 

2  New  York .... 

3  Michigan  .... 

4  Massachusetts 

5  New  Jersey  . . 


6  Texas   

7  Pennsylvania 

8  Ohio  

9  Illinois  

10  Maryland  . . . 


11  Florida  

12  Washington  , 

13  Connecticut  , 
14 Missouri.  .  . 
15  New  Mexico , 


16  Virginia  

17  Minnesota  . . . 

18  Indiana  

19  North  Carolina 

20  Colorado  


6 
18 
5 
3 
8 

23 
15 
13 
20 
4 

27 
9 
10 
12 
1 

24 
14 
21 
29 
16 


15  New  Mexico  .  . 
26  Delaware  .... 

4  Massachusetts 
10  Maryland  

3  Michigan  


1  California. . . 

29  Idaho  

5  New  Jersey. 

12  Washington. 

13  Connecticut. 


37  Vemiont .... 
14  Missouri  .  . .  . 

8  Ohio  

17 Minnesota. .  . 

7  Pennsylvania. 


20 Colorado.  . .  . 
34  Rhode  Island. 

2  New  York  . .  . 
27  Utah  

9  Illinois  


1 

2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 


'  Research  intensity  is  measured  as  the  ratio  of  in-state  R&D  perfor- 
mance to  gross  state  product  (GSP). 

See  appendix  tables  4-22  and  4*23. 
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than  40  of  these  entities  were  established  (luring  the 
eifjhties;  six  states  ptit  such  institutional  arraiiK^Mnents  in 
place  only  within  the  past  2  years.  (StH»  appendix  table 
4-24.)  Agency  n^sponsibilities  vary  enormously.  rau^inK 
from  the  simple  provision  of  information  and  advisory 
services  to  active  participation  in  multimillion  dollar 
technology  profjrams.  Although  some  initiatives  are 
obviously  much  farther  alonfj  than  others,  each  fjeneral- 
ly  is  designed  to  improve  the  state  s  economic  environ- 
ment by 

•  Strenfjth(Miiti^  linkaK(*s  anions  th(^  state  s  financial, 
academic,  and  business  communities; 

•  FromotinKc^ntrepreneurship;  and 

•  Up^radinK  the  overall  scientific  and  t(»chnol()Kical 
base  of  the  local  (ronomy  by  building  on  (^xistin^ 
regional  strenKths."^** 
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•'This  last  point  is  in  stark  contrast  to  the  type  of  statr  rcononiic 
(Icvcioimirnt  pro^^ranis  prevalent  in  th<*  sixties  and  seventies.  'Ilien. 
states  often  pursued  a  "sitjokestaek  chasing'"  praetiee  of  luring  eoni|)a- 
nies  away  from  one  state  to  reloeal<  to  another.  Most  S^VL'T  based  jjro 
j^Tanis  are  roneerned  more  with  ereatinj^  new  businesses — spincdl 
eom|)anies — or  moderni/inK  rxistiuK  in-state  industries. 


I  I  L 
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States  have  adopted  several  experimental  approaches 
in  fostering  technology-driven  development.  Summary 
data  on  four  of  the  more  pervasive  approaches  aiv  pro- 
vided here.  (See  appendix  table  4-24.)  Two  of  these 
mechanisms — research  grants  and  research  centers — usu- 
ally require  heavy  university  participation;  the  other 
two— /?&/)  tax  credits  and  business  startup  support — 
affect  only  the  industrial  sector.^^'  Although  some  states 
concentrate  on  the  industrial  sector  and  others  focus  on 
university-based  research,  most  initiatives  have  a  mixed 
university-industry  orientation.  States  in  the  Northeast 
and  Midwest — which  were  among  the  first  states  to  initi- 
ate S&T  programs  in  response  to  the  downturn  in  their 
manufacturing  sectors  during  the  late  seventies  and 
eighties — generally  seem  to  use  a  larger  variety  of  S&T 
mechanisms  than  do  other  states.  Five  states — Arkan- 
sas, Indiana,  Iowa,  Kansas,  and  North  Carolina — contin- 
ue to  use  each  of  the  four  named  development  tools.^* 
(See  figure  4-13.) 

Research  Grants  and  Centers.  An  important  com- 
ponent of  most  state  technology  development  strategies 
is  research  grants.  At  least  36  states  use  this  mechanism 
for  promoting  local  growth.  Research  grants  usually 

•  Are  made  to  universities  based  on  joint  proposals 
from  a  university  and  a  private  sector  sponsor, 

•  Are  intended  to  strengthen  the  applied  rather  than 
basic  research  base,  and 

•  Require  matching  funds  from  the  private  sector. 

This  last  requirement  ensures  that  state  dollars  are 
leveraged  with  outside  funding  and  provides  some  assur- 
ance that  the  proposed  research  has  commercial  potential 

Although  research  grants  are  distributed  through  vari- 


**mu*  proKniins  t  overrd  hvrv  ;ire  not  tin*  only  oiu»s  thnt  stall's  wsv  to 
spur  tcchnoloKit'iil  dcvelopiiUMit.  Other  popular  approaches  iiu  ludc 
cslahlishment  of  research  parks— to  encourage  planned  clusteriuK  of 
technology  companies  and  foster  university -privnte  sector  partner- 
ships—and incubator  facilities  providing  startup  companies  with 
below-market  rates  for  office  and  lab  space  as  well  as  shared  clerical 
and  computer  services.  A  number  of  states  also  work  with  local 
Federal  la!)oratories  to  assist  small  and  medium-sized  manufacturers 
to  conunercialize  Federal  technolo^it's.  Fassa^e  of  I'TI'A  in  UlWi 
encoura^t'd  this  development.  (See  "Industry-dovernment 
CoopiTative  A^reemeiUs,"  p.  102.) 

*'llp  uiUil  recently.  Minnesota  and  Massachusetts  also  used  all  four 
Si^*T  devices  covered  in  this  section.  Minnesota  discontinued  its  indus- 
tr\'  Krant  projjram  in  and  mcTjied  two  of  its  leading  Si^'I'  institu- 
tion* into  a  single  entity.  Massachusetts'  S&T  efforts  underwent  major 
restmclnring  during?  WW.  inciudiuK  the  privatizatiim  of  its  six  previ- 
ously quasi-public  Centers  of  Fxcellence.  However,  the  state  has 
enabled  the  creation  of  successor  entities  designed  to  coiUimie  the 
mission  of  S&  T  promotion.  'Hie  newly  fomied  Hioteclinolo^  Center  of 
Fxcellence  Corp-jration  and  the  Massachusetts  Fiumdation  for 
Kxeellence  in  iViarine  and  I'olymer  Sciences  beijan  opiTations  in  July 
VMH  and  are  stimulatiuK  Si^c'I-based  economic  development  in  their 
areas  of  interest.  In  redefining  the  state  role  as  one  of  facilitation, 
rather  than  program  o|H*ration,  the  state  leKislature  allocated  no  fulnrr 
funds  for  continued  direct  investment  in  i.iany  S^  T  programs  that  pre- 
viously received  state  support  (Fhelpsand  HrcR-kman  WM). 

*^nial  is.  supi)ort  of  innovation  and  technolo^^y  transfer  for  local  eco- 
n(»mic  develo[)men(  is  the  objective,  and  not  the  support  ol  research 
for  its  own  sake. 
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ous  means,  by  far  the  bulk  of  the  money  flows  through 
state-initiated  research  or  technology  centers.  Such  **cen- 
ters  of  excellence"  have  been  established  in  27  states  and 
usually  are  located  at  universities— or  at  least  affiliated 
with  them.  The  centers  generally  concentrate  on  a  specif- 
ic field  of  research,  drawing  heavily  on  the  strengths  of  an 
associated  university  and/or  major  industries  in  the  state. 

Tax  Credits  and  Startup  Support.  Often  patterned 
after  the  Federal  R&E  tax  credit  (see  **R&D  Tax  Credits," 
pp.  101-02),  many  states  have  designed  their  own  tax 
incentives  to  encourage  industry's  in-state  R&D  invest- 
ment Provisions  for  R&D  tax  credits  and/or  exemptions 
are  e  n  the  books  in  at  least  20  states. 

Many  states  also  provide  considerable  S&T  support 
for  industry's  post-R&D  activities.  In  fact,  no  fewer  than 
31  states  have  given  some  kind  of  financial  support  for 
business  startup  programs,  including  either  one-time 
capitalization  or  ongoing  funding  and  oversight.  Six 
states  have  seed  capital  programs  to  assist  companies 
trying  to  develop  a  marketable  product.  Seven  states 
have  venture  capital  programs  to  assist  developing  com- 
panies that  have  established  business  plans  and  com- 
mercially feasible  projects.  Eighteen  states  have  both. 

State  Funding  of  R&D 

Growth  in  state  R&D  funding  is  a  direct  indicator  of  a 
state's  commitment  to  the  building  of  its  S&T  base.  It  is 
also  an  indicator  of  expanding  inter-sector  research  link- 
ages, given  the  university-industry  cooperative  require- 
ments increasingly  associated  with  state  funding.  Two 
different  data  sources  using  different  methodologies 
show  growth  in  state  support  of  R&D.^-^  And,  although 
state  funding  is  not  necessarily  the  causal  factor,  these 
data  also  show  increasing  support  by  industry  for  R&D 
perfonned  on  the  Nation  s  campuses — an  aim  of  many 
states'  S&T  policies. 

Funds  for  Academic  R&D  by  State.^^  Universities 
reix)rted  about  $1.2  billion  of  support  for  R&D  from  state 
and  local  government  sources  in  1989,  an  amount  equiva- 
lent to  8  percent  of  total  R&D  performed  by  the  academic 
sector.  (See  appendix  table  4-22.)  Broken  out  by  state, 
these  same  data  reflect  differing  state  resource  patterns 
and  show  the  effects  of  different  institutional  mixes  in  indi- 
vidual states. 

Ten  states  accounted  for  over  50  ixTcent  of  total  national 
academic  R&D  expenditures  from  state  and  local  sources. 
Texas  alone,  with  a  strong  tradition  of  direct  state  govern- 
ment fimding  of  institutional  activities,  accounted  foi*  the 


^^^^v  two  NSK  (lata  sources  are  the  annual  SnrvfV  of  Seifntifk'  and 
KiiKHncerinK  I*'x|K*n(litun*s  at  Universities  and  Colleges  and  the  occa- 
sional Survey  of  State  Ooverinnent  Research  and  Development. 

*miese  data  show  only  state  and  local  Kovemnient  sources  of  funds 
that  are  separately  budKeted  for  s|Kvifie  projects.  (Jeneral  university 
funds  used  for  academic  H&V  punK)ses  are  not  included  here.  Tliese 
data  do  not  include  KSi\)  performed  bv  university-administered 
FKIiDCs. 
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Figure  4-13. 

State  promotion  of  S&T-based  economic  development 


Industry'focused  activities 


□ 


R&D  lax  brnakf,  and  or 
Startup  support 

None  of  these  four 
named  activities 


All  four  acl'V'luiS 
(qrantr.  centf^'s  \;\t 
breaks,  startup  supporti 


Any  three  activities 


and  one  industry  activity 


NOTE:  Data  are  as  of  August  1931 . 
See  appendix  table  4-24. 
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larj^est  shaiv— 10  percent— of  natioiiwick^  non-Federal 
Koveniiiieins*  li^l)  support  to  universities,  lliese  sources 
in  1exas  provided  12  ptTcent  (S124  million)  of  the  funding 
for  thf^  ^tate'^  total  acadt^iiic  l<&\).  By  coniparison.  univer- 
sities in  California— whose  total  expenditure^  was  th(^ 
larKt*st  nationwide^  atul  nearly  twice  that  of  1  exas  in  198^)— 
received  3.6  percent  {i>43  million)  of  its  funding  from  state 
and  local  sources.  This  smaller  proportion  reflects  (1)  a 
larKt^  Federal  funding  shart^  and  (2)  the  pn^stMice  of  major 
private  research  iinivt^rsities  that  v/v\v  less  likt^ly  to  recc^ivc^ 
state  funding  for  l<&]),  (Nationally,  private  universitiis 
nreived  only  2,4  ptTct^it  of  tlu^r  Kis^l)  fundinij  from  stati^ 
and  local  K^)venuiients.  compared  to  an  ll.Irpercent  share 


at  puhlic  universities.) 

As  a  p(Mventa^'(^  of  a  statt^  s  academic  l<<^\)  total,  tht^ 
state  and  local  K^JVtM'iimtMit  share  is  rc^lativc^ly  most 
important  to  univt^'sities  in  South  Dakota — whose  total 
li&l)  expenditure  in  1989  was  the  smallest  in  tht^ 
Nation — wher(^  it  provided  almost  40  ptM'cent  of  funds. 
huUn^d.  in  many  stat(^s  vjhvvv  the  academic  R&l)  expc^n- 
diturt^  total  was  comparativ(4y  small,  state  ^'overnnuiit 
provided  a  relatively  larj^e  proportion  of  the  funding' 
total.  (S(^(^  text  tahk^  Ui) 

Insofar  as  state  ScK^T  policy  objective's  include  encour- 
aj^ement  of  univt^'sity-industry  interactions,  industry  su|)- 
port  of  university  l<&\)  may  serve  as  one  indicator  of  the 


1  Oi. 
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siiCLTSs  of  thosi*  policies  '  '  For  all  statis  coinbinrd,  indus- 
trial sources  of  support  for  acadiMiiic  l<&\)  liavi*  j^rowii 
faster  than  all  other  sources  of  support,  iiicreasiiij^  179 
percent  in  constant  dollars  from  1980  to  1989.  Support 
from  other  sources  was  up  60  |)erci'nt.  (See  appendix 
table  4-2.)  As  a  perci'iita^e  of  the  Nation  s  total  academic 
K&I)  effort,  industiy  sources  of  support  increased  from  4 
to  7  pircent.  Some  states  obtain  a  notably  larj^iM'  than  7- 
percent  share  of  their  academic  Ki^l)  from  inclusirial 
sourci'S.  This  point  is  startlin^ly  tnie  of  states  in  which 
university  li&D  pi'rf()rmai;ce  is  rathi'r  small,  l  r  exam- 
ple, total  RiVrl)  activities  on  the  campuses  of  Maine— 820 
million— ranked  that  state  49th  nationwide  in  1989;  yet 
industiy  provided  a  Nation-leading  20-perceni  share  of 
total.  (See  ti'Xt  table  4-().)  hulei'd.  of  Uii'  (M^ht  stati's  that 
nreived  the  proportionately  larj^est  shari»s  (10  pi»rcent  or 
more)  of  their  academic  RcV:!)  funding  from  industry, 
six — Maine.  Idaho,  Nevada,  Delaware,  VVesi  Virginia,  and 


'  Sec  I'VlliT  (1!)!)0)  and  Hi'iinan  iVM))  lor  lonlnisiinK  s'ww^  on  llu- 
roll'  t»I  univt'rsilit'S  in  induslrial  dcvt'lnpnuMU  ;u  livilics. 


Text  table  4-6. 

States  where  non-Federal  government  and  industry 
comprise  the  largest  shares  of  academic  R&D 
funding:  1989 


Support  for  academic  R&D 

Rank, 

Non-Federal 

Rank, 

total 

government  Industry 

total 

academic 

share  share 

academic 

R&D 

(percent)   Rank  (percent) 

R&D 

U.S.  average 

8.2 

6.6  U.S.  average 

51  South  Dakota.  . 

39.4 

1 

20.0  Maine  

50 

38  Hawaii  

35.0 

2 

12.7  Idaho  

46 

41  Arkansas  

27.9 

3 

12.1  New  Mexico.  . 

29 

37 Mississippi.  .  .  . 

27.3 

4 

12.0  Pennsylvania  . 

6 

24.5 

5 

12.0  Nevada  

45 

46  Idaho  

24.4 

6 

11.0 Delaware. . .  . 

44 

24.4 

7 

10.1  West  Virginia  . 

43 

24.0 

8 

10.0  Montana  .... 

47 

33  Kansas   

22.4 

9 

9.9  Missouri  

19 

19.0 

10 

9.7  North  Carolina. 

9 

18  Minnesota  .  .  . . 

16.4 

11 

9.7  Nebraska .... 

34 

1 3  Wisconsin  .  .  .  . 

16.4 

12 

9.4  Arkansas .... 

41 

1 5  New  Jersey  . . . 

15.9 

13 

9.1  North  Dakota  . 

48 

23  Tennessee.  .  .  . 

15.1 

14 

9.1  Massachusetts 

5 

30  South  Carolina . 

14.5 

15 

8.9  Kentucky  .... 

35 

9  North  Carolina  . 

14.4 

16 

8.5  Georgia  

10 

28  Oregon  

12.9 

17 

8.4  Virginia  

17 

3  Texas   

12.3 

18 

8.2  Vermont  

42 

11.9 

19 

20 

1 1  Ohio  

11.8 

20 

7.9  Rhode  Island  . 

36 
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Monlana— ranked  anionji  tho  smallest  nine  states  in 
terms  of  total  academic  RcVrl)  performance  levels. 

State  Agency  R&D  Expenditures.  AUIioukIi  the 
most  r(»cently  available  NSF  data  on  state  a^^'iicies'  K&I) 
support  are  for  1988,  llii'ir  inclusion  here  |)r()vides  for  a 
more  comprehensive  ovei'view  of  state  KcK:I)  involvement. 
(See  appendix  table  4-2[).)  These  data  are  only  for  state 
Kovermiient  ex|)enditures  diat  flow  through  state  aj^ency 
budgets:  they  therefore  exclude,  for  example,  all  other 
funding  for  KcK:!)  activities  by  universities  and  collej^es — 
including  direct  appr()|)riations  from  stat(»  lej^islatures. 

Like  the  academic  data  reported  above,  total  state 
agency  i'X|)enditures  for  K&V  from  state  sources  of  funds 
havi'  iiKivased  overall,  doubling  between  15)77  and  1988 
to  about  niillion  (in  constant  dollars).  Nevertheless, 
these  expenditures  still  accounted  for  only  1  p'Tcent  of 
the  national  RcK:I)  funding  total.  State  a^i'iicy  sup|K)i1  for 
Kikl)  facilities  rose  dramatically,  ri'sultinj^  in  a  more  than 
tenfold  inllation-adjustt^d  increase  to  Sl()()  million.  Some 
states,  however,  reported  declines  in  real  dollars.  Cari' 
should  be  taken  in  usin^  these  data,  because  stati'S  differ 
considerably  in  their  reliance  on  state  a^cncii'S  to  dis- 
bui'se  RcV:I)  funds.  Some  states  appropriate  most  funds 
directly  to  institutions  themsi'lvi's,  and  this  source  of  sui> 
port  for  K&D  is  not  reflected  in  these  data. 

International  Comparisons 

Comparisons  of  ScVrT  activitii's  between  the  United 
States  and  other  major  industrialized  nations  provide  an 
indication  of  the  stren^^h  of  each  countries'  overall  S&  T 
endeavors.  The  success  of  these  endeavors  depi'nds  in 
part  on  die  adequacy  of  financial  KcViI)  inputs;  comparisons 
of  international  KcK:l)  spendinj^  patterns  ari'  provided  in 
this  Si'ction."*  IVrfoniier  and  source  expendituri'  patterns 
are  contrasted,  trend  data  reviewed,  and  spi'iulinj^  by 
socioeconomic  objective  summarized.  Tlu'  section  ck)ses 
by  placing  the  U.S.  industry  R&I)  effort  in  a  ^k^bal  context. 

R&D  Funding  by  Source  and  Performer 

The  United  States  spent  more  money  on  R^tl)  activi- 
tii's  in  1989  than  did  any  other  countiy;  in  fact,  it  spent 
more  ihan  the  next  four  larj^est  performers — Japan, 
West  Clermany,  France,  and  the  Uniti'd  Kingdom— com- 
biiu'd.*'  ;SiH^  appendix  table  4-26,)  By  sector,  national 
jiovermui'iits  and  industr>^  dominated  as  a  piTci'iitaj^e  of 
each  countiy  s  respective  R&I)  funding'  and  performance 


'  UX'D  (lata  lor  the  iiiajor  iiuluslrializt'd  nnnilrics  arc  ubiaiiu'd  Inun 
reports  to  the  OrKanisation  tor  Kconoinii*  Cooprration  atui 
l)('Vc|oi)Mi('!il  (Oll'D).  Few  \<K^\)  (lata  arc  syMcmatiially  colltrlcil  lor 
(lrv('lopiM^n'oiintri'.'s:  rNI-!SC*()  r('i)orls  siu'li  fsliinali's  wIutc  llu'V 
exist.  Altlioii^Mi  llu  ro  is  a  lairlv  \\\^\\  de^rrcc  ol  lonsisltMicy  in  the  UcVl) 
(lata  n^ortcd  by  ()|!C  D.  data  lor  coiiiurii's  reportinK  t<>  I'NKSCO  are 
less  comparable— principally  because  ol  dillerences  in  national  statisti- 
cal collection  capabilities  and  diMinitions.  I'or  a  snniniary  ol  the 
rNKSC'O  ;nid  OKCD  (lata,  see  SKS  (U)^)lc). 

'  Data  lor  derniany  are  lor  West  (lerniany  alone.  \<^\)  expenditures 
in  the  former  Mast  ( lernians'  are  not  inclndi^d. 
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totals.  Shares  for  these  sectors,  how(^ver.  differed  sub- 
stanti<illy  from  one  country  to  the  next.  Although  govern- 
ment was  the  source  of  45  to  50  percent  of  K&I)  funds  in 
the  United  States  and  France,  it  provided  somewhat  less 
in  the  United  Kingdom  (37  perc(»nt)  and  West  (rermany 
(33  percent),  and  considerably  less  in  Japan  (19  per- 
cent). (See  figure  4-M.)  Since  1975,  government  funding 
shares  in  all  five  countries  declined,  dropping  most 
sharply  in  the  United  Kingdom  (15  percentage  points) 
and  West  Germany  (14  percentage  points).  With  the 
exception  of  France,  industry  provided  more  than  half  of 
the  R&I)  funds  in  each  of  these  countries  in  1989.  It  pro- 
vided 72  percent  of  Japan  s  K&I)  total. 

hulustry  was  the  largest  K&I)  performer  in  each  of  the 
five  countries,  with  shares  ranging  from  ()()  percent  in 
France  to  7'2  jXTctiU  in  both  the  United  States  and  West 
(iermany.  The  industry  K&I)  performance  share  grew 
most  rapidly  in  Japan — from  57  percent  of  total  in  1975  to 
txi  percent  in  1989.'^  (S(»e  appendix  table  4-28.)  (lovern- 
ment  as  an  K&I)  performer  was  relatively  smallest  in 
Japan  and  the  United  States,  accounting  for  8  and  11  per- 
cent, respectively,  of  each  country's  K&I)  total,  (rovem- 
ment  s  K&I)  performance — including  that  in  several  non- 
privatiml  industries — accounted  for  about  one-fourth  of 
France  s  K&I)  effort. 

The  United  States  and  Japan  devoted  about  the  same 
proportion  of  their  investments  to  basic  research:  14 
percent  and  13  percent,  respectively,  in  1988.  (See 
appendix  table  4-29.)  In  dollar  terms,  the  U.S.  basic 
research  investment  ($15  billion)  was  three  times  that 


'i)(*tail('(l  and  more  extensive  data  can  be  found  in  SHS  (l!l!)le). 


Figure  4-14. 

International  R&D  funds, 

by  performer  and  source:  1989 


Billions  of  U.S. 
1982  dollars 

United  States 
($111) 

Japan 
($46) 

West  Germany 
($22) 

France 
($15) 

United  Kingdom 
($13) 
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of  Japan  ($5  billion).  West  (rennaiiy  spcMit  H)  percent  of 
its  total  R&I)  an  basic  n^seareh  ($4  billion),  compared 
to  23  percent  for  PYance  ($3  billion).'-' 

R&D  Funding  as  a  Percentage  of  GNP 

Total  R&D.  K&n  expenditures  as  a  percentaK^*  <>f 
(iNP  have  become  one  of  the  most  widely  used  indica- 
tors of  a  country's  commitment  to  scientific  knowledK^* 
growth  and  technolofjy  development.  1Tie  industrialized 
nations  of  I'rance,  West  (lermany,  Japan,  Sweden,  the 
United  Kingdom,  and  the  United  States  each  maintained 
an  K&D/dNF  ratio  of  between  2  and  3  percent  throuRh- 
out  the  eighties,  (hi  Italy,- this  ratio  rested  near  1  per- 
cent.) (leiKTally,  the  K&I)/(1NF  ratio  increased  annually 
in  these  countries,  although  the  rate  of  change  varied 
somewhat.  The  approximate  2.7-percent  R&I)/(yNF  ratio 
of  the  United  States  in  1989  was  about  half  a  percentage 
point  higher  than  its  1980  ratio.  (Str  figure  0-2  in  Over- 
view and  appendix  table  4-2(i.)  Kven  with  this  growth,  the 
U.S.  K&I)/(JNF  ratio  did  not  keep  pace  with  the  same 
indicator  in  Japan  and  West  (lermany,  whose  ratios  were 
2.9  and  3.0  percent,  respectively.  And.  in  spite  of  a  rcvent 
decline  in  its  RiSrD/ONF  ratio.  Sweden  also  invested  a 
slightly  larger  (JNF  share  on  K&I)  (2.8  percent  in  1989) 
than  did  the  United  States.  In  dollar  terms,  however, 
SwedcMi  s  K&I)  expenditures  were  only  3  percent  of  those 
in  the  United  States. 

Nondefense  R&D.  Differences  in  K&I)  emphases 
among  these  countries  become  dearei'  when  the  data 
arc*  disaggregated.  Nondefense  R&I)  expenditures  as  a 
percentage  of  (JNF  in  both  Japan  (3.0  percent)  and  West 
(lermany  (2.8  percent)  considerably  exceeded  those  of 
the  United  States  (1.9  percent);  they  have  done  so  for 
mon*  than  two  decades.  (See  figure  0-2  in  Overview  and 
appendix  table  4-27.)  The  nondef(»nse  K&I)  ratios  of 
France  (1.8  percent)  and  the  United  Kingdom  (1.6  per- 
cent) were  only  slightly  below  that  of  the  United  States. 

In  absolute*  dollar  terms,  the  U.S.  international  position 
was  markedly  different  from  that  indicated  by  the  non- 
defense  K&I)/(tNF  ratios.  Between  1972  and  1989,  only 
Japan  and  Italy  had  increased  nondefense  K&l)  spending 
(up  207  and  97  percc^nt,  respectively,  in  constant  dollars) 
at  a  fast(»r  rate  than  had  the  United  States  (up  88  per- 
cent).*" Hie  result  is  that  as  a  percentage  of  the  U.S.  non- 
defense  K&I)  total,  comparable  Japanese  spending 
jumped  from  3r)  pcTcent  in  \\^72  to  r)8  percent  in  1989. 
(St»(»  figiuv  4-ir).)  Japanese  nondefc^nse  K&I)  reached  $4() 
billion  in  1989,  compared  with  the  $79  billion  U.S.  non- 
defense  K&I)  total.  Italy  s  nondc^fense  K&I)  grew  from  an 
amount  equivalent  to  8  percent  of  the  U.S.  nondefense 
K&I)  total  in  1972  to  10  percent  ($8  billion)  in  1989.  West 


*  Coini)arnblc  (l;ita  Un  llic  V\\\U'(\  Kiii^^'dotn  an*  cxtnMncly  (Mi!<latr(l. 
The  most  rcccMit  t'wwv  (1<)S1)  indkatrs.  huwcviT.  that  the  basic 
roscarrli  sliarc  was  1:5  prrcciil. 

'  Sec  ap|)('M(li\  lablr  l-lii)  lor  details  m  coiivt  i  sion  of  national  cur- 
rencies to  dollars. 
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(kMHiany  spent  an  amount  equal  to  about  26  percent  of 
U.S.  spending  on  nondefense  R&l)  in  both  years  ($21  bil- 
lion in  1989).  while  France  annually  spent  an  amount 
equivalent  to  about  15  percent  of  the  U.S.  total  ($12  bil- 
lion in  1989).  United  Kingdom  nondefense  R&D  spend- 
ing fell  by  3  percentage  points  relative  to  that  of  the 
United  Sl^ites,  dropping  to  13  percent  or  $10  billion. 

R&D  by  Socioeconomic  Objective^ 

Countries*  relative  shares  of  governinent  R&D  appro- 
priations (excluding  general  university  funds— (lUK) 
reflect  marked  differences  in  national  priorities,  in  the 
United  States.  66  percent  of  total  1989  Federal  invest- 
ment in  R&D  was  devoted  to  national  d(*fense.  compannl 
to  55  percent  in  the  United  Kingdom.  42  percent  in 
France.  19  percent  in  West  (Germany,  and  9  percent  in 
Japan/'-  (See  text  table  4-7.)  The  U.S.  (Jovernment  also 
emphasises  health-related  R&D  (K^  peict^nt  of  total);  this 
emphasis  was  especially  notable  in  its  R&D  support 
given  to  academic  and  similar  Institutions.  •  ' 

Knergy-related  activities  accounted  for  39  percent  of 
Japanese  (Government  R&D  appropriations  in  1989. 
reflecting  the  country's  concern  with  its  high  dependence 
on  foreign  sources  of  energy,  llie  (ioverninent  of  West 
(Jermany  invested  considerably  in  R&D  related  to  indus- 
trial development  and  the  advancement  of  research  (each 
about  one-fifth  of  the  government  total)  as  did  France 
with  15  and  18  percent,  respectively,  of  its  1989  R&D 
total.  In  the  United  Kingdom,  R&D  funding  for  industrial 
development— at  10  percent  of  total— trailed  only  defense 
in  percentage  share  Industrial  development  accounted 
for  8  percent  of  the  Japanese  total,  but  just  0.2  percent  of 
the  government  R&D  funding  total  in  the  United  States. 
ITie  latter  figurt^v/hich  may  be  understated  relative  to 
other  countries  as  a  result  of  compilation  differences— 
nonetheless  reflects  longstanding  U.S.  policy  to  rely  on 
private  sector  investment  decisions  in  this  area. 


•'I)ata  on  the  sodocTonoinir  objectives  of  MScU  funding'  nre  rarely 
obtained  by  special  suiveys.  They  ^'tMierally  are  extracted  in  some  way 
from  national  biidk'cts  wliicli  already  have  their  own  niethodolokO'  and 
terniinoh>K'y.  and  thus  are  subject  to  coni|)arability  constraints  not 
placed  on  other  tyjH'S  of  international  \<S:\)  data  sets.  Notably. 
althouK'h  eacli  country  adheres  to  the  same  criteria  for  dislributink' 
their  M\)  by  objective  (as  outlined  in  OI'X'l)  the  actual  classifi- 
cation may  differ  anions'  countries  because  of  differences  in  the  prima- 
ry objective  ui  ihv  various  funding  aK'cnls.  Note  also  that  these  data  are 
of  K'ovcriuuent  Ml)  hinds  oidy,  wliich  account  for  widely  divergent 
sitares  and  al)$nlute  amounts  of  each  countr\' s  total. 

The  shares  presented  here  and  in  text  table  4-7  are  adjusted  to 
exclude  ^v\)vr[\\  university  funds  which  are  reiKirterl  separately  forJa|)an 
and  KuroiK'an  countries.  For  example.  (iUl'  accounted  for  IH  iMTcent  of 
the  Kovenimenl-funded  Ht^'l)  total  in  the  United  Kinutlonr.  Unadjusltd 
for  its  defense  share  was  4(i  iKTCent  in  VMX  'Hie  Tnited  Stales 
does  not  have  an  e(|uivalent  (iUF  cateK*>ry:  Funds  to  the  university  sec- 
tor are  distributed  amouk'  the  objectives  of  the  1-ederal  agencies  that 
provide  the  H^:l)  funds.  (See  a|)|M'ndix  table  vlJO  for  further  details.) 

'For  (h'taileJ  com[)arisons  of  academic  and  academically  related 
research,  including'  (ilM**  estimates,  in  the  I'nited  Stales.  I'niled 
Kiiik'dom,  The  Netherlands.  IVance.  West  (iermaiiy.  and  Japan,  see 
Irvine,  Martin,  and  Isard  mn))  and  NSH  (U)Mi)).  pp.  \m\). 


Figure  4-15. 

Nondefense  R&D:  foreign  spending 
as  a  percentage  of  U.S.  spending 
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Text  table  4-7. 

Government  R&D  support, 

by  socioeconomic  objective:  1989 


United  West  United 

Stales  Japan  Germany  France  Kingdom 

 Percent  

Total   100.0   100.0    100,0     100.0  100.0 


65.5 

9.0 

19.0 

41.9 

55.2 

7.3 

11.1 

8.5 

8.7 

3.8 

Advancement  of 

research  

3.8 

13.8 

20.7 

17.5 

5.8 

Health  

12.9 

4.8 

5.2 

3,7 

6.2 

industrial 

development  .  . . 

0.2 

8.1 

19.0 

15.0 

10.3 

3.9 

39,2 

9,5 

4.0 

4.0 

Agriculture,  forestry, 

and  fishing  

1.9 

6.5 

3.1 

4.6 

5.5 

Other   

4.5 

7.6 

14.9 

4.5 

9.2 

NOTE:  Data  were  adjusted  to  exclude  general  university  funds  for 
Japan  (43  percent  of  the  government-funded  R&D  total).  West 
Germany  (33  percent).  France  (12  percent),  and  the  Uniied  Kingdom 
(18  percent).  See  text. 
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Globalization  of  R&D 

R&l)  invrstiiiK  has  becoiiir  iiicivasinjjly  ahhn]  since 
rouKlily  the  mid-seviMities.  Stiff  international  conipeti- 
tion  in  research-intensive,  or  hiJ^h-techn()l()J^y.  products 
has  necessitated  many  firms'  expansion  into  foreign 
markets.  (See  chapter  I),  "The  (Ih)bal  Market/' 
p.  K^().)  As  a  factor  in  diis  global  market  shift,  Kn)winK 
development  costs  and  shorteninj^  pi'oduct  life  cycles 
have  compelled  corporate  manaj^ers  to  expand  over- 
seas research  activities  so  as  to  tailor  products  for  the 
specific  needs  of  foreign  customers,  lluis,  mucli  of  the 
K&l)  undertak(*n  abroad  is  nu^ant  not  to  displace 
domestic  K&l),  but  rather  to  support  overseas  business 
fjrowth.'* 

(irowth  in  li&l)  funds  moving  both  into  and  out  of 
the  United  States  has  been  quite  stronj^  for  the  past 
decade  or  so.  On  avera^iN  U.S.  overseas  R&I)  invest- 
ments by  5.3  piMvent  per  year  between  1977  and 
19K9  (in  constant  dollars).  This  rate  was  slij^htly  below 
that  for  growth  in  total  U.S.  industiy  K&I)  funding — .5.7 
percent  annually.  And  since  1985,  the  overseas  li&l) 
component  has  f^rown  at  six  times  the  rate  of  industry's 
domestic  funding  (11.9  versus  2.1  percent  per  year): 
K&l)  abroad  is  now  equivalent  to  9  percent  of  indus- 
try's onshore  K&l)  expenditures.  (See  fij^ure  4-16.)  II. S 
companies  and  their  foreign  subsidiaries  in  the  motor 
vehicles,  machinery  (including  computers),  and  drufj 
industries  account  for  the  lar^i^st  shares  of  this  foreij^n- 
based  K&l)  activity.  Tofjt^ther,  they  comprised  58  per- 
cent of  the  19iS9  overseas  performance  total.  (See 
appendix  table  4-31.)  Time  series  data  are  not  available 
on  which  countries  receive  this  U.S.  K&l)  investment. " 

About  $().;>  billion  was  spent  on  K&D  abroad  by  U.S. 
companies  in  1988.  Foreign  companies  spent  about  17 
percent  more  ($7.4  billion)  on  K&l)  in  the  United 
States.  From  1977  to  1988,  growth  in  this  foreifjn- 
sourced  K&l)  investment  averaged  14  percent  per  year, 
or  more  than  twice  the  rate  of  growth  in  domestic  K&l) 
activities  by  U.S.  companies.  As  a  result,  foreign  R&l) 
was  equivalent  to  11  percent  of  all  industry's  R&l)  fund- 
ing in  the  United  States  in  1988.  up  from  its  equivalent 
TvperctMit  share  in  1977.  (See  figure  4-16.)  Foreign  fund- 
ing camt*  primarily  from  Car.ada,  West  (iermany,  and 
the  United  Kingdom;  although  the  K&I)  flows  from 
other  European  countries  and  Japan  also  increased 
steadily  over  the  past  decade.  Foreign-funded  research 
was  concentrated  in  the  industrial  chemicals,  drugs. 


'Compiuiii's  oonsidiT  ;i  iin  riiui  ol  fm  hjrs  hvUnv  iiiuicrliikinj^  K^:l) 
overseas:  Markd  atrcss  aiul  luroniiiuxlalioii  of  local  reqiiinMuciils  arc 
bill  two  of  llu-in.  'l  ax  and  rc^nilaloiy  policies,  as  well  a>  ihe  availability 
of  tiaiiied  researchers  and  access  lo  lU'W  scienlitlc  aiul  techiiolo^'ical 
developnuMils  in  oilier  counliies.  also  iiillueiuH'  K\-|)  locali^n  deci- 
sions. See  NSH  (fordicoiiiin^O  an<l  Ilowells  (IWOa  and  limob). 

Sei'.  iiowever.  Hlooin  and  Uubin^cr  for  infornialion  on  r,S. 

iirnis'  inveslinenl  in  k^:l)  facililies  in  Japan. 


Figure  4-16. 

Foreign  and  U,S,  overseas  R&D 


Total  foreign  R&D  in  U.S.  and 
U.S.  overseas  R&D 


Billions 
8 


Current  dollars 
Constant  U.S.  1982  dollars 


Foreign  R&D  in  U.S 


0  Li  1  J_ 


U.S.  overseas  R&D 


»         1  I  1  I  i  L  I. 


1 977      1 979     1 981      1 983     1 985      1 987     1 989 


Percent 
12 


10 


As  a  percentage 
U.S.  industry  R&u 


Foreign  R&D  in  U.S.  / 


U.S.  overseas  R&D 


J  t™.  L_ 


J  I  L 


-I  I  L_ 


1977      1979     1981      1983     1985     1987  1989 

See  appendix  tables  4-31  and  4-32. 

Science  &  Engineering  Indicators  -1991 


ami  (^Irclrical  equipiiUMit  iiulustries. (Sec  appciulix 
table  4-32.) 


"Ilic  lorci^Mi  Uc^-D  (lata  n  ixirli'd  \w\v  nuin'  Iroin  an  annual  sum-y 
of  Kori-i^ni  Dinrt  Invcslnu  iil  in  the  Tnili'd  Slali  s  odiidudi'd  by  liu- 
Hurcau  ol  Kt'()n()init'  Analysis.  Ilic  nurcaii  rcporls  thai  tlu*  lorci^Mi 
\<^\)  louils  arc  comparable  lo  Ibo  T.S.  busiiu-ss  tiala  i)ublislu'd 
by  NSI\  Iridustry-spirifu'  foniparisons.  Iiowt-vcr.  arc  liiuilcd  btrausc 
ot  (lilfcronn's  between  ibe  iwo  sumys  in  indusUy  elassiriealions.  (See 
(iuijano  \mi) 
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Academic  Research  and  Development: 
Financial  Resources,  Personnel,  and  Outputs 

HIGHLIGHTS 


Funding  for  Academic  R&D 

•  ITie  198()s  saw  a  continuation  of  a  trend,  observed 
over  the  last  several  decades,  toward  an  increasing 
role  for  academic  performers  in  total  U.S.  research 
and  development  (R&D).  From  1981  to  1991,  ival 
growth  (in  constant  1981!  dollars)  in  acadrniic  RiK:!) 
ex|)(iulitinvs  averaged  S.f)  |)erc(Mit  annually.  In  cur- 
rent dollars,  funding  ovtM*  the  pcM'iod  ros(^  from  just 
below  S7  billion  to  an  estimated  $17  billion,  increasing 
from  a  9.r)-|)(Mrent  shan*  to  an  1  l.I^-percent  share  of 
total  U.S.  \<ik\)  ex|HMKlitures.  Sec  /?.  116. 

•  Much  of  this  R&I)  j^rowth  occurred  between 
1985  and  1991  when  growth  was  much  stronger 
for  the  academic  sector  than  for  any  other  per- 
forming sector,  an  (^stimat(»d  44  jXMVcMit.  comparc^d 
to  about  11  percent  for  fi^derally  funded  research  and 
development  ccMiters  and  other  nonprofit  laboratoric^s. 
4  p(MV(Mit  for  industrial  laboratories,  and  about  per- 
c(Mit  for  Federal  laboratories.  Sec  p,  116. 

•  The  Federal  share  of  academic  R&I)  support  has 
continued  to  decline  as  industrial  and  internal  uni- 
versity support  have  been  growing  more  rapidly 
than  that  of  the  Federal  (iovernment  in  recent 
years.  In  1991,  FediM'al  sources  provi(U*d  an  estimated 
r)(i  piTcent  of  academic  K^rl)  support,  down  from  ()9 
piTcent  in  1971.  In  constant  dollars,  however,  academ- 
ic KcKrl)  financ(»(l  by  Fed(M'al  support  increased  by  77.r) 
percent  during  this  l!()-year  period.  Sec  p.  117. 

•  After  the  Federal  (iovemment,  academic  institu- 
tions that  performed  Uie  R&I)  provided  Uie  second 
latigest  share  of  academic  R&l)  support.  From  1971 
to  1991.  tin*  institutional  share  yrew  from  11  percent 
to  an  estimat(^(l  20  percent  of  academic  \<ik\)  expendi- 
tures. Sec  p.  1 17. 

Facilities  and  Instrumentation 

•  The  country's  research  universities  have  undertak- 
en large  increases  in  investment  in  academic  R&I) 
facilities  and  instrumentiition  during  the  1980s. 

Total  capital  expiMulitures  for  academic  science^  and 
enKirivriuK  (SJCrK)  facilities  (plant  and  fixed  equii)- 
ment)  increased  during  the  1980s  at  an  average  annual 
rati^  of  perciMit  in  constant  1982  dollars.  Fxpen- 
ditur(^s  for  academic  research  instrumentation  hav(^ 
avcTa^cHl  9,()  piMVcMit  annual  growth  for  FedcTal  suppoH 
and  ll.:5  percent  for  non-F(»deral  suppoH  since  198:!  in 
constant  dollars,  TIk^  numb(M*  of  instniuKMits  availabU^ 
for  R^rl)  more  than  doubled  between  1982/!')  and 
mm.  See  pp.  121-22. 


The  Spreading  Base  and  Geographic 
Distribution  of  Academic  R&D 

•  During  the  198()s,  a  growing  number  of  academ- 
ic institutions  have  become  major  research  per- 
formers, as  e\idenced  by  their  sustained  volume 
of  real  research  expenditures.  In  1980,  277  academ- 
ic institutions  reported  total  \<ik\)  spending  of  at  least 
SI  million  (in  constant  1988  dollars)  in  l.l(i2  of  their 
Sc^K  fields:  by  1989.  tlu^S(^  same  institutions  n^ported 
such  volume  for  1.575  of  their  ScV:K  fields.  See  p.  124. 

•  Continuing  a  trend  that  was  evident  in  the  1970s, 
the  1 98()s  witnessed  a  slow  but  marked  shift  in 
the  distribution  of  academic  R&I)  toward  the  Sun 
Belt  and  away  from  the  North,  East,  and— to  a 
lesser  degree — West.  The  South's  share  rose  to 
29  percent  from  2()  p(TC(Mit  in  the  early  1980s  and  2?t 
percent  a  decade  earlier.  Similar  patterns  exist  f(U* 
Federal  and  non-lu^leral  \<lk\)  funds,  and  for  most 
major  fields.  Sec  p.  124. 

Characteristics  of  Doctoral  Researchers  in 
Academic  R&D 

•  During  the  1980s,  the  number  of  academic  doc- 
toral researchers  increased  more  rapidly  than 
their  total  academic  employment  in  every  major 
field.  Total  employment  increased  by  ?y2  percent, 
from  15;i220  in  1979  to  202,208  in  1989.  The  number 
with  primary  responsibility  for  teaching  incn^ased  by 
25  percent  (82.()4;{  to  10:5.115).  whih^  those  with  pri- 
mary research  responsibility  rose  by  00  pcMVent 
(48,517  to  77.455).  Concurrently,  doctoral  scientists 
and  (MiyinecM's  reporting  that  K<K:1)  was  their  piimar\^ 
or  secondaiy  responsibility  rose  by  54  percent,  fi'om 
100.5()2  in  1979  to  154.800  in  1989.  See  p.  125. 

•  As  a  group,  academic  researchers  are  aging.  In 

197!>.  only  25  percent  of  academic  researchers  had 
canned  their  Fhd).  decrees  more  than  15  years  earli- 
vv\  this  fraction  was  45  piMVent  by  1989.  The  incrcas* 
iny  aH(*  of  acadcMnic  researchers  tends  to  rt^flect  both 
the  .'  isin^  av(M*aH(*  aye  of  doctoral  acadcMnics  in  ycMier- 
al  and  low  acadcMuic  hiring  lev(4s.  See  p.  12H. 

•  Kach  new  cohort  of  Ph. I). -holders  hired  into 
academia  tends  to  be  more  active  in  research  than 
the  preceding  ones  and  to  stiiy  more  active  through 
the  years.  HetwccMi  1979  and  1989.  tlu^  proportion  of 
all  academic  doctoral  scientists  and  (Miyineers  whose 
primaiT  or  secondary  work  activity  was  research  rosi* 
from  07  to  78  piMVent.  See  p.  12H. 
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Women  and  Minorities  in  Academic  R&D 

•  The  number  of  docti)ral  women  in  academic  R&I) 
more  than  doubled  between  1979  and  1989, 

iiicivasinK  faster  tlian  v\{\wy  the  number  of  S&E  Ph.D. 
(Iej;r(vs  awarded  to  teiiiales  or  women's  overall  aea- 
(lemic  (»ini)foyment.  Women  in  1989  represented  17 
percent  of  all  acadiMiiie  resi^arehers:  almost  half  of 
hnm\c  res(»arehers  were  active  in  the  life  sciences.  See 

•  Since  1979,  increases  in  research  participation 
for  minorities  have  been  stronj^er  than  for  whites. 

Hut  the  ow!  all  number  of  minority  researchers — par- 
ticularly of  hl^vks,  Hispanics,  and  Native  Americans — 
remains  verj'  low.  In  1989,  minorities  constituted  13 
perc(Mil  of  academic  doctoral  S<XrK  research(»rs;  nearly 
three-quarters  <>i  Ihese  were  Asians,  See  p.  127. 

Support  of  Academic  Resecrch  Personnel 

•  Despite  a  decline  in  the  Federal  share  of  academic 
R&l)  fLindin)^  over  the  past  decade,  a  rising  propor- 
tion of  academic  reseat  chers  received  at  least  some 
support  from  Federal  sources:  51^)  percent  in  1979 


Introduction 

Chapter  Focus 

AcadcMiiic  res(»arch  and  di^velopnuMU  (Hi's:!))  is  an  inl(*- 
KM'al  part  of  tin*  national  \<i<\)  (MiltM'prist\  Tin*  sirlor  now 
accounts  for  an  istimalt^d  11. ;5  ptMVtMil  of  national  \<i<\) 
(*xp(Mi(litur(s  and  almosl  half  of  national  basic  n^st^arch 
(»xpen(litur(*s.  M()r(M)V(M\  tlu»  ISfijlOO  doctoral  sciiMitists 
and  (Mi^nncHM's  (MiK^a^^ul  in  academic  activitii^s  in 
1989  comprist^d  almost  a  third  of  tin*  U.S.  doctoral  sci- 
ciKc  and  en^nntHMinK^  (Sc^cK)  W()rkf()rct\ 

This  chaptiM'  addrtsst^s  the  followinji  thret*  principal 
aspects  of  acadcMnic  MiscD: 

•  Financial  resources — sourtu^s  of  l\mdinK^  distribu- 
tion amon^'  institutions  and  discipliius,  the  K(Hl(M'al 
(iov(M'nnuMirs  lundiiiK^  rol(\  tin*  finaucin^^  of  aca- 
dcMiiic  KtScI)  lacilitii^s  and  instrunuMitalioiK  llu^ 
spnuidin^^  bast^  of  academic  Kc^D,  and  its  ^rtM)^n*aph- 
ic  distribution: 

•  Doctoral  personnel — charact(*ristics  of  dotioratt^- 
1(»V(*1  scitMitists  and  (Mi^ineers  iMiiployc^d  l)y  academ- 
ic institutions:  and 

•  Research  outputs — tin*  academic  sector'^  i)r(l)lica 
tions  and  pat(MUs. 

Chapter  Organization 

Th(*  ehapl(*r  o\)vus  with  a  discussion  of  tnMuls  in  finan- 
cial r(*s()urc(»s  providcul  for  ai^ad(Miii(*  K^\).  including: 
allocation  across  both  institutions  and  fu^lds,  and  of  llu* 
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V(M'sus  59  pcM'cent  in  1989.  hicreas(»s  were*  evident  foi* 
all  a^e  Ki'oups  and  most  major  fields.  See  p,  129, 

•  In  1989,  a  record  proportion — 28  percent — of 
the  growing  number  of  full-time  S&E  graduate 
students  were  supported  by  research  assis- 
tantships.  During  the  eighties,  the  number  of  gradu- 
ate students  for  whom  this  medianism  was  the  prim- 
aiy  source  of  support  rose  by  W)  percent.  See  p.  130. 

Outputs  of  Academic  R&D:  Scientific 
Publications  and  Patents 

•  ll.S.-based  authors  continue  to  account  for  36 
percent  of  all  publications  in  a  set  of  about 
3,200  major  U.S.  and  international  technical 
journals.  This  percenta^a*  remained  steady  throuj^di 
tlu^  198()s.  See  pp.  129-30. 

•  Patenting  by  IKS.  universities  increased  sharply 
in  the  1980s.  More  than  one-fifth  of  all  patents 
issued  to  acadiMiiic  institutions  since  19(i9  W(T(» 
awarded  in  U)8W)().  The  100  major  research  universi- 
ties acc()unt(Ml  for  an  increasing  share  of  these 
patents.  See  pp.  130-31, 


chan^nn^f  importance*  of  various  k(\v  sourci^s  of  financial 
suppoH.  Sinc(»  tin*  FediM'al  (iovermniMit  hasbcHMi  tin*  pri- 
mary source*  of  support  for  academic  Ki^I)  for  owv  half  a 
centuiy,  its  role*  is  explore^l  in  K^ri^atei*  (hHail.  N(*w  this 
y(*ar  is  a  discussion  of  tlu*  k(\v  luMkM^al  fundin^^  a^^iMicy 
for  (*ach  S*SL'K  fic^ld  and  how  the  importance*  of  that  a,i:en- 
cy  to  tin*  fi(*l(l  has  chan^^i^d  ()V(»r  tinu\  Also  n(»w  this  yt»ar 
is  a  discussion  of  the  indirt^ct  cost  compoiUMit  of  the  aca- 
(ItMnic  K*SL'I)  l)U(l^f(*t  basiMl  on  National  SciiMice  I-oundation 
(NSF)  and  National  histitut(*s  of  H(*alth  (NIH)  data.  The 
strtion  also  inchuK^s  data  on  funding'  triMids  for  two  k(\v 
idtMutMits  of  univ(*rsity  infrastructun* — facilities  and 
instrumentation. 

For  th(*  first  time  in  the*  Science  (t  Engineering  Indica- 
tors seri(*s,  data  an*  pr(*s(MU(*(l  abou*  th(*  (expansion  of  the 
institutional  bas(»  in  which  acadiMuic  \{&\)  is  IioiisimI:  tlu* 
numbtM'  of  institutions,  divisions,  and  (k*partments  that 
an*  active*  in        and  their  fundin^^  lev(*ls. 

Th(*  second  st^ction  of  tin*  chapt(*r  c()V(*rs  tin*  acadiMn- 
ic  workfoi'ci*  and  is  limit(*(l  primarily  to  sci(*ntists 
and  t*n^MntH*rs  with  doctoral  (k*Kn'(H*s,  since*  llu\v  an*  tlu* 
major  participants  in  aca(l(*mic  Rc^il).  (Also,  V(*ry  littk* 
data  an*  available*  on  nondoctond  aca(l(*mic  r(*s(*arch  p(*r- 
somii'l.)  Tr(*n(ls  in  tin*  ^M'owth  of  various  (lisciplin(*s  and 
in  tin*  numb(*rs  of  wonuMi  arid  min()riti(*s  in  aca(k*mic 
!<^:D  li(*l(ls  arc*  ful(lr(*ss(*(l.  Th(*  chapt(*r  presiMits  n(*w 
information  about  tin*  chan^nn^^  w^v  structun*  of  aca(k*m- 
ic  r(*s(*arclu*rs.  tin*  tn*n(l  toward  in(M'(*ased  n*s(*arch  par- 
ticipation in  aca(k*mia,  and  tlu*  (*xt(*nt  of  Iu*dend  support 
pr()vi(U*d  to  aca(l(*mi(*  doctoral  n*S(»ar(iu*rs.  Also  includ- 
(*d  is  a  l)ri(*f  discussion  of  tlu*  numl)(*r  of  Ki"Kluat(*  stu- 
(kMits  inv()lv(*(l  as  n*s(*ar(1i  assistants  in  aca(k*mic  R^ScI). 

1  rj 
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Chapter  5.  Academic  Research  and  Development:  Financial  Resources,  Personnel,  and  Outputs 


Tin*  chapter  s  final  section  discusses  the  outputs  of 
academic  KtSrl).  specifically  the  publications  in  scienlific 
and  enfjineerin^  journals  and  the  patents  issued  to  U.S. 
universities. 

Financial  Resources 
for  Academic  R&D' 

This  section  focuses  on  the  levels  and  sources  of  sup- 
port for  R&l)  activifies  at  U.S.  univtM'sitit^s  and  colleges. 
BeKinnhiK  with  an  examination  of  the  role  of  acadiMiiic 
RtSrl)  in  the  conte.a  of  the  national  K&l)  system,  it  cov- 
ers Kt5cl)  funding  |)atterns  in  terms  of  funding  sources 
and  their  distribution  anions  academic  institutions  and 
across  S^iH  fields.  The  role  of  the  Federal  CiovernmtMit 
in  supnoitiiiK  K&I)  at  universities  and  colleges  is 
explored  in  some  detail  including  the  sup|)ort  |)rovided 
by  certain  key  agiMicies  to  both  overall  academic  KtK:]) 
and  specific  S&I''  fit^lds.  Su|)|)()i1  for  academic  K&I)  facili- 
ties and  instrumentation,  pailicularly  the  levels  of  invest- 
ment made  in  these  tluriuK  the  198()s,  is  examim^d.  as 
are  the  spreadinjj  base  and  ^eo^raphic  distribution  of 
academic  K&I). 

Additionally,  two  highly  topical  subjtvts  related  to  the 
main  discussion — Federal  rtMiiibursenient  of  indirect 
costs  and  the  Congressional  earmarking  of  K&I)  funds — 
are  covered  in  this  section. 

Academic  R&D  in  a  National  Context 

hi  an  estimated  ^\7:2  billion  was  S|)(Mit  for  \<&\) 
at  U.S.  acadiMiiic  institutions.  '  (Set^  figure  5-1.)  lliis  level 
of  expenditure  re|)resents  a  continuing  trtMul.  obsem^l 
ovtM-  the  last  several  decadt^s.  of  an  increasinii  roU^  for 
academic  performers  in  total  U.S.  KlKtI).  AcadtMiiic  \<&\) 
in  1991  made  up  ll.o  |)ercent  of  lota!  RlVcI).  coin|)ared 
with  9.4  percent  in  1971.  During  the  1971-91  |j(MM()d. 
research  performed  in  acadt^niic  institutions  rose  from 
25.4  percent  to  an  estimated  27.7  |)ercent  of  total  U.S. 
research  expiMuliturt^s. 

In  constant  1982  dollars,  academic  \<&l)  increased  an 


Data  in  Ihis  scclioii  conic  Iroin  several  (liMnciil  NSK  siiiTcys  ihal 
do  not  always  use  cojiiparablc  (Idinilioiis  or  survey  inelhodoloLrio. 
'Ihr  llirrc  main  siiiTcys  concerned  wiili  academic  K^-D  ••''v  (1)  ihe 
l-ederal  Fnnds  ior  Kesearcli  and  l)eV(»lopnienl  Sum>y:  CJ)  ihc  IVderal 
Support  lo  I'liiversiiies,  Colleu^'s.  and  Selected  Nnnprolil  Inslilntions 
Survey;  and  ('.•)  the  Scienlilic  and  iMij^incerinu  Kxpcndilures  al 
riiiversilics  and  CollcK<'s  Survey.  The  results  Ironi  this  last  survey. 
bas(*d  on  data  obtaine(l  directly  Irom  the  universities  and  colletres.  do 
not  Kt't"'i*Jtl'^'  match  the  data  tVom  the  other  two  sm-VJ-ys.  l-or  descri|>- 
lions  ol  the  ini'thodoloj^ics  o!  these  and  s»'lected  otlie«'  NSl'*  snm^'s. 
sceSkS(l!)S7). 

This  discussion  based  un  data  in  SRS  iWWv)  and  un|)ul)lished 
labidalions.  For  more  iiUormation  on  national  \<^\)  expcndittn'cs,  m'c 
chaiUiT  T  "National  KM)  Spending:  Patterns."  pp.  S9-!):i. 

hi  this  section,  academic  institutions  t^enerally  ctunprise  institutions 
ol  higher  education  that  ^vi\u\  doctorates  in  scieju(  or  en^iin't'i in.i: 
and/or  sp<'nd  al  least  SjO/MX)  lor  separately  budgeted  U\'l).  Federally 
lunded  research  and  development  cejuei  s  ;i<M)ciated  with  univiM  siiies 
'Mv  tallied  separately  and  are  examined  in  greater  detail  in  chapter  T 


estimated  74.2  percent  l)etween  19H()  and  1991.  KtS:!) 
growth  bt^tvvt^iMi  1985  and  1991  was  much  stronjjtT  for 
tlu^  acadtMnic  svcXov  than  for  any  otluT  piMlorminji  sec- 
tor—an estimated  44  |)ercent — compared  to  about  11 
percent  for  federally  fundtnl  research  and  devel()|)ment 
centers  (ITKDCs)  and  other  nonprofit  laboratories,  4 
|)erctMit  for  industrial  laboratories,  and  about  o  percent 
for  In^kTal  laboratorit^s.  Howt^vtM*,  the  rate  of  Kix)wth  for 
acadiMiiic  K&l)  from  1990  to  1991  is  estimated  at  2.9  per- 
cent, down  from  the  estimatt^d  r).4-|)ercent  annual 
jirowth  rate  from  1980  to  1990.  As  a  ijropoilion  of  the 
Kross  national  iModuct  ((iNP),  the  academic  KcKrl)  share 
rose  significantly  over  the  past  decade,  from  0.20  to  0.31 
|)ercent. 

Academic  \<^l)  activities  are  concentrated  at  the 
research  (basic  and  applied)  end  of  the  K&I)  spectrum 
and  include  veiy  little  devel()|)ment  activity.'  Of  1991  aca- 
dt^nic  KcKrl)  ex|)enditures,  an  estimated  |)ercent  went 
for  basic  rt^search,  ;50  |)ercent  for  applied  research,  and  S 
percent  for  development.  (See  fi^uie  5-1.) 


'NotwithslamlinK  this  delineation.  "R\- D"— rather  than  just 
"research" — is  used  ihroUKlmtil  this  discussion:  this  is  because  alinoM 
all  ol  the  data  collect<ul  on  academic  \iS:\)  do  not  diHecentiate  lK»twt»i*n 
the "R"  and  the"])." 


Figure  5-1. 

National  and  academic  R&D  expenditures,  by 
character  of  work  and  performer:  1991 


Percent 
100 


Academic  R&D  National  H&D  Basic  roseaich  Applied  resoaroh 
(SI 7,2  bitlion)     ($1 52  bHIJOn)     ($23  5  billion)    ($35  4  billion) 


NOTES  Data  are  estimatos  FFRDCs    tederaily  funded  R&D 
centers. 

See  appendix  tables  5-1  and  5-2. 
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Sources  of  Funds 

The  rVdcral  (iovcniiiu'iit  provides  the  iiiajoiity  ol  luiuls 
for  academic  K&I),  but  participation  by  othcM*  sectors  has 
been  Ki'^winj;  more  rapidly  than  that  of  the  Federal 
(iovemnient  in  recent  yeai's.  'Iliis  circumstance  has  I'esult- 
ed  in  a  decline  in  die  Federal  share  of  academic  Kc^l).  (See 
fi^ire  5-2.)  hi  1991  the  Federal  (iovernment  provided  an 
estimated  5H  percent  of  the  fuiuliiifj:  for  K&l)  i)erforme(l  in 
acad(Miiic  institutions,  down  from  ()9  percent  in  1971.  llie 
academic  institutions  that  performed  the  Kc^I)  provided 
tlu'  second  lai^t'st  share  of  funds.  From  1971  to  1991,  the 
institutional  share  j^rew  from  11  percent  lo  an  estimated  20 
percent  of  academic  Kc^I)  expenditures.  '  Industry 
increased  its  share  from  \i  percent  in  1971  to  an  estimated 
7  percent  in  1991,  while  state  and  local  f^overnmeiits  and 
other  sources  maintained  shai'es  of  academic  Kc^I)  liuul- 
iiiK  ran^^in^j;  from  8  to  9  ixM'cent  for  the  foniier  and  6  to  8 
percent  for  the  latter  throufjjhout  tht^  19K()s.'' 


IiislitutioiKil  I'uiuls  ;irr  timds  an  insiiiiiiion  spends  un  U\'I).  inrliid- 
iuK  iinrritiihiirsiMl  iiidiituM  losts  associalrd  wilh  R\'!)  projnls  li- 
naiirrd  by  oiiisidc  or.ttaiii/iili()ns  and  iiiaiidaloiy  cost  sliariiiK  <>m 
h'diTal  and  (UluT  Ki'«iiits.  Suiuvcs  nt  insiitiitional  funds  arr  (1)  K^'m  ral- 
purpost'  slate  uv  local  K^'vrrnnienl  appi'oprialioiis.  Ki'in'ial-pnrpost' 
i^rants  Ironi  industiy,  (!>)  uiilion  and  lees,  and  (1)  I'ndownu'nl  iiu-oine. 
Tlu'i'c  is  soinr  lonoTn  lhal  pari  ol  iniTcasi-  in  ihc  iinporiann-  ol 
iiisliuitioual  Iinids  is  dnr  to  amanilinK^  i  haiiKi's. 

Otlu'i*  soMiXTs  ol  support  iiudndr  Ki'inils  lor  \<Sc\)  Iroin  noiiprolit 
orKinii/aiiuiis  A\n\  voiiinlary  lu'allh  aKiMU'ics  as  well  as  all  ollu'r 
s<iinv('s  not  rlsi'sviicn*  classillt'd. 


Figure  5-2. 

Sources  of  academic  R&D  funding,  by  sector 
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NOTE:  Data  for  1990  and  1991  are  estirnalus 

See  appendix  table  5 '2.    Science  &  Engineering  Indicators  -1991 
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Industry  fiotds  for  academic  Kc^I)  f^rcw  faster  than  did 
fundin}^  from  any  other  source  during  the  past  two 
decades,  hidustiy  s  contribution  to  acadcmia  represent- 
ed about  percent  of  all  industiy-funded  R&I)  in  1991. 
compared  to  0.7  percent  in  1971.  The  rapid  rise  in  aca- 
(UMiiic  imtitutiom'  own  R&I)  funding  increased  the  ratio 
of  those  funds  to  total  institutional  operatinj^  expendi- 
tures from  approximately  1.5  percent  in  197;i  to  an  esti- 
mated 3.0  percent  in  1989. 

Private  and  publlr  universities  differ  in  their  major 
sources  of  KvJtl)  support.  For  public  academic  institu- 
tions, about  11  percent  of  K&I)  fundinf^  in  1989  came 
from  state*  and  local  funds  and  about  2?)  percent  from 
institutional  funds.  Privatt*  academic  institutions  received 
only  2  percent  and  9  percent  of  their  fundinj^.  respec 
tively,  from  these  sources.  (See  appendix  table 
Between  19H0  and  19H9.  the  Federal  share  of  support 
declined  for  both  public  and  private  institutions.  dropi)inj^ 
from  ()1  to  53  percent  for  public  institutions  and  from  79 
to  7?)  percent  for  private  institutions.  Both  public  and  pri- 
vate institutions  received  approximately  7  percent  of  their 
K&D  support  from  industiy  in  19H9, 

Distribution  of  R&D  Hunds  Over  Academic 
institutions 

Most  academic  is  concentrated  in  relatively  few 
of  the  3.400  hifi[her  education  institutions  in  die  United 
States,  hi  fact,  if  all  such  institutions  are  ranked  by  their 
19K9  K&I)  expenditures,  the  top  200  ranked  institutions 
account  for  9()  percent  of  Kc^tl)  expenditures.  In  1989. 

•  The  top  2i)  institutions  spent  \V2  percent  of  total  aca- 
demic Rc^I)  funds. 

•  The  top .")()  spent  58  percent,  and 

•  The  top  100  spent  82  percent."^ 
(See  text  table  5-1.) 

Academic  R&D  Expenditures  by  Field  and 
Funding  Source- 

The  distribution  of  FedtM'al  and  non-Federal  funding  of 
academic  li&l)  in  1989  varied  by  field.  (See  appendix 


Tlu-  CMnir^nc  l  oiiiuhition  lor  tlif  A(lv;iMn  iiu'iit  ol  IViu  hiiiK  i*kis>i- 
lli'il  KM)  (ii'^rt'c  KiiiiiliiiK  iiisiiiiiiions  as  IhkIut  t'diication  iiisiiiiilioiis 
in  1!>S7.  (St'c  I'iiaptci*  J,  "Cliissilii-aiion  ol'  Acadcniic  Insiiliitioiis,"  p.  17. 
lor  a  !)rirl  (U'scriinioii  ol  llic  Carru'Kit'  I'alcKorii's.)  Tlu'sc  liiKluT  cdii- 
t*alioii  iiisiiiiiiioMs  incliKlc  1  year  coIIcki's  and  iiiiivcrsitios.  L^-yi-ar  com- 
iiimiily  and  junior  collcKi's.  and  spi'oiali/i'd  scliools  siicli  as  modical 
and  law  schools.  Not  iiu*liidrd  arc  more  llian  7.1)00  o[\\vv  poslsci*- 
ondary  iiistitiiiions  (sirrriarial  siliools.  aiilo  repair  sciiools.  oic). 

^  These  percenliiKe^  exelude  llie  A|)pliod  l^hy^ies  Ixiboraluiy  (AIM.)  at 
Johns  Hopkins  rniver>iiy.  With  an  estiinati'd  s  niiliion  in  total  and 
sl'JJ  million  in  lederally  linaneod  rxpenditnros  in  ilseal  year  n)Sf). 
API.  jx'riorins  atxait  tw()-lhirds  (►!  the  R\'l)  at  the  university.  AltlujUKh 
not  oHleially  elasslfied  as  an  li  RDC.  API  rsscniially  lunelions  as  ono. 
Its  exelusion  ihereloi'c  pr(jvidos  ;»  hciu-r  measure  ol  the  disirihulion  ol 
aauUmir  U\'l  ?  d(»llars  and  the  raiikiiiKol  individual  institiition>. 

Hie  data  in  ihis  -^xXxm  an-  drawn  Irom  NSi'\  Seienlilie  and  I'.HKinei'hni! 
l  Ajjendiiures  at  I'niversities  and  (  (jllej^es  Snivey.  I^irallol  data  by  Held 
li'om  NSl'*s  SuiA'cy  ol  l-'cdei  al  Obli^aliojis  to  I'niN'ersitii's  and  Colleges 

^  do  not  m  eessarily  inateh  iheso  nundjers  lor  a  variety  ol  niediodoloKi- 

'  cal  reasons. 
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Text  table  5-1. 

Distribution  of  R&D  funds  among  academic 
institutions:  1989 

Millions  Percentage 
Rank  of  dollars         of  total 

Allinstitutions'   14,556  100 

Top  10    2,606  18 

Top  20    4.612  32 

Top  50    8.484  58 

Top  100    11.901  82 

Top  200    14.023  96 

'The  Applied  Physics  Laboratory  at  Johns  Hopkins  University,  with  an 
estimated  $431  mdltcn  in  19B9  R&D  expenditures,  is  not  included  in 
these  totals. 

See  appendix  table  5-4.       Science  &  Engineering  Indicators  -  1991 


lablt*  r)-r).)  I-or  ('xani|)i(\  ihv  Vvi\v\'[\\  (ioviM  iinuMil  sup- 
|)()rl(»(l  ()5  iHMVtMit  ol*  aca(l(Miiic  \<i<\)  (*X|HMi(liliii'(*s  in  ihv 
iiu^dical  sci(Mia*s,  but  only  27  \)v\\v\\[  ol  academic  Kt^'D 
in  tlu'  aj^ricullural  scicnc(s.  This  latter  fi^ww  rcllccls  the 
iraflilionally  slronj.,^  foK*  of  slcil(*s  in  supportinj^^  llu*  aj^M'i- 
ciiltural  scrlor. 

By  fai\  tin*  majority  ol  academic  KitzU  t^xpcndilurt^s  in 
U)W)  w(mU  to  llu*  life  srioircs.  which  acioiinti^d  lor  fvl  per- 
cent ol  total  aca(l(Miiic  \<^\)  (»xp(Mi(lilur(*s.  f)!]  p(MV(Mit  ol 
Federal  academic  KHzl)  expenditurt^s,  and  ptMVent  ol 
non-l''e(leral  acadcMiiic  RtlCT)  (^xpcMiditurt^s.  Tin*  nt^xt 
larj^iest  block  of  total  acadtMuic  \<&\)  expcMiditiires  was  lor 
engincmng—K-^  \)v\rv\\{  in  UW).  (StHNipptMidix  tabk^rvf).) 

Hetwcrn  U)7!)  and  H)89,  acadcMiiic  KHzl)  expenditure's 
lor  all  fields  combined  j^n^v  at  an  avcM'aj^^e  annual  rate  ol 
r\()  percent  in  constant  \W2  dollars.  (See  ll^nire  ^yW  lor 
constant  dollar  ex])en(litures  ov(M'  the  decade  by  Held.) 
From  1988  to  U)89,  the  rate  increased  to  ptMVtMit. 
Fundinj^  for  the  computer scivncvs  j.irew  fastest  durinj^  the 
decade,  increasinj.^  at  an  avtM'aj^e  annual  rati*  of  11.1  per- 
ccMit  in  constant  dollars.  MlsiX^  expiMulitures  for  the  com- 
puter sciences  in  U)81)  wen*  about  111  piMVtMit  of  total  aca- 
diMiiic  KdC'D,  Engincvring  and  the  medical  sciences  j^n'ew 
second  fastest  durinj^  the  decade,  both  increasin^t  at  an 
avcTaj^^e  annual  rate  of  (Ui  perctMit;  for  1!)88  to  1!)8}),  the 
rates  increased  to  D.IkukI  8.7  ptTccMit.  n^sptrtively, 

Acad(Miiic  Rt^'I)  exptMiditures  in  the  social  sciences, 
which  averaj^ed  annual  decrt^ases  of  1^.5  peivent  in  con- 
stant dollars  between  \97\)  and  H)84,  show  increast^s  since 
15)84.  BetwcHMi  U)8l  and  U)89.  fundin^^  for  the  social  sci- 
ences increas(Hl  at  an  av(M  a)^(*  annual  rate  of  8.7  percetit 
in  constant  dollars,  with  the  ^umh  rate  lor  1988  to  VM) 
estimated  at  ID.  t  percent. 

ll  is  noteworthy  that  the  (Urliiiinj^^  I'edtM'al  share  in  the 
support  of  acad(Miiic  \<^\)  is  not  limited  to  spc^cific  StV:!-; 
disciplines.  The  federally  llnanctMl  fraction  ofsuppoil  lor 
each  of  th(^  S<K:K  fields  declined  over  the  past  two 
decades.  [Svc  appiMidix  table  r)-7J  The  most  dramatic 
decline  occurred  in  the  social  sciences  (^7  to  \u\  \)vV' 
VcMit);  the  smallest  decline  was  in  the  mathematical  and 


computer  sciencc^s  (71  to  70  percent).  This  relative 
(Uriine  also  holds  lor  most  Si!C'F  subllelds. 

Support  of  Academic  R&D  by  Federal 
Agencies'^ 

lu^deral  oblij^^ations  for  acadcMiiic  are  concenti'at- 
ed  in  three  a)^(Mici(»s:  NIIL  NS1\  and  tlu*  l)(M)artnuiit  of 
l)ef(Mise  (DOD).  Tojrether,  tlu*s(*  aj^^iMicii^s  provided 
about  75  percent  of  total  lu^leral  llnancinj^  of  academic 
\<i<\)  in  U)!)l,  up  from  ()()  ptMCtMit  in  1!)71.  (Sen*  appendix 
table  5-8.)  NIH  was  estimated  to  havt*  provided  17  pcM'- 
cent  of  I'\*(l(M'al  support  lor  acadtMuic  \<i!z\)  in  11)^)1;  the 
NSF  share*  was  (^stimatinl  at  ll)  p(M'C(Mit.  DOD.  aftcM' 
incri^asinj^^  its  share*  of  FedtM'al  support  from  !)  pcMVcMit  in 
1!)77  to  just  b(*low  17  i)(MV(Mit  in  WWx  dc^cliiu^d  to  an  (esti- 
mated i:^-p(MV(Mit  share*  in  1!)!)1.  Durin^Mlu*  1})81-91  peri- 
od, hoW(AHM\  tin*  National  A(M*onautics  and  Space 
Administration  (NASA),  which  is  estimati^d  to  provide 
less  than  ()  piMViMit  of  I'V^diMal  support,  had  the  hij^diest 
(*stimat(Ml  aviM'aj^^e  annual  j^i'owth  in  its  lundinj^^  of  aca- 
demic RilC'I),  7.7  piMVent  pcM  yc^ar  (constant  15)82  dollars), 
lolloW(>(l  by  Nil!  (4.0  p(MV(Mit)  and  NSl-  CJ.l)  pcMVtMit). 


suppurl  diiil  cnijiMidci  s  (.oiisidciablc  d('l);it('. 


Figure  5-3. 

Academic  R&D  expenditures,  by  field 

Billions  of  constant  1982  dollars 
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Medical  sf:icfic€t>__^^ 
Biological  'icioncos^ 


t'riVironniP'ital  sciPficti^ 


1 979       1 981        1 983       1 985       1 987       1 989 

NOTE  See  appaiidix  table  4-1  for  GNP  price  cioilators  used  to 

corwe'1  current  dollars  to  constant  1982  dollars 

See  appendix  tabic  5^6.    Science  &  Engineenng  Indicators  -1991 
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Congressional  Earmarking  to  Universities  and  Colleges 


Acack»mic  caniiarkiiiK — the  Coiijiressioiial  practice 
of  providing  federal  funds  to  educational  institutions 
for  research  facilities  or  projects  without  merit-based 
pe(*r  review — is  not  a  new  phenonuMion.  Congress  has 
traciilionally  earmarked  most  of  the  academic  research 
funds  from  the  Department  of  Agriculture  to  specific 
universities  and  colleges.  The  lack  of  an  accepted  defi- 
nition for  academic  earmarking,  combined  with  the  dif- 
ficulty of  detecting  many  eai'mai'ked  projects  because 
they  are  either  obscurt^d  or  describ(Hl  vaguely  in  the 
legislation  providing  the  funding,  makes  it  difficult  to 
obtain  exact  figures  for  either  the  amount  of  funds  or 
the  number  of  projects  specifically  earmarked  for  uni- 
versities and  collegers. 

Despite  such  problems,  sev(*ral  recent  efforts  liave 
been  made  lo  estimate  trends  in  academic  earmarking. 
These*  estimates  indicate  that  during  die  past  10  years 
significant  increases  have  occurred  in  both  the  number 
of  earmarked  projects  and  the  amount  of  money  direct- 
ed toward  theni. 

•  NSB  (19«r))  reported  that  between  fiscal  years 
(FYs)  1983  and  1985.  15  universities  that 
byi)assed  the  merit  review  process  received  over 
$100  million  for  research  facility  construction  by 
appealing  directly  to  Congress.  Th(*  data  showed 
increases  in  funding  appropriation  or  authoriza- 
tion from  }>l().r)  to  $29.8  to  $()0.()  million  over  the  '^^ 
year  period;  tlu*  number  of  projects  for  which 
funds  were  thither  appropriated  or  authoi'ized  I'ose 
from  thi'ee  to  four  lo  nine. 

•  In  his  recent  study  of  academic  earmarking. 
Savage  (1989)  defines  an  earmarked  project  as 
"one  that  would  not  exist  without  the  intei-vention 
of  Congress."  Using  Congressional  Research 
Service  estimates  for  ITs  1980-87  and  data  collect- 


Support  by  Single  Agencies,  Although  the  overall 
dependence*  of  universities  and  colleges  on  Ihe  l-\*(leral 
Oovernment  lor  their  \<^\)  funds  has  diminished  over 
die  past  couple  of  decades,  each  of  tin*  S<^K  fields  has 
b(*come  more  dependent  on  a  single  agency  for  its 
Federal  funds  than  it  was  in  the  past.  The  agency  pro- 
viding th(*  largest  share  of  F(*deral  rt^search  funds  for 
each  of  the  si^ven  Si^F  fields  providc^d  a  largtM*  fi'action 
of  the  rVderal  funds  for  that  field  in  1989  than  it  did  in 
1971.  (Se(»  figure  5-4.)  This  increast^l  relianci*  on  one 
agency  lor  l'(*deral  support  also  pertains  in  general  lo 
most  of  the  Si^:l^  subfields.  Only  for  astronomy, 
oceanography.  Uie  coiiiput(M*  sciences,  and  ac^rospace 
engineering  did  the  principal  funding  ag(Micy  provide  a 
significantly  smaller  share  of  funds  in  1989  than  during 
the  early  (or  late)  1970s. 

Indirect  Costs,  Oiu*  aspect  of  l^'deral  su|)porl  of  aca- 
f^nic  Ri^l)  that  has  engcMultM-ed  a  great  deal  of  discus- 


ed  by  the  University  of  Caliform'a  for  FYs  1988 
and  1989,  Savage  ivpoils  an  increase  in  funds  foi* 
academic  earmarking  from  about  $10  million  in 
1980  to  over  $100  million  in  1985,  to  over  $200  mil- 
lion in  1989;  the  number  of  earmarked  projects 
increased  fi'om  7  to  36  to  87  ovei*  the  same  period. 
These  data  include  eai*mai*ks  from  appi'opriations 
bills,  supplemental  appropriations,  and  continuing 
resolutions, 

•  Cordes  (1991)  defines  earmarking  to  include  (1) 
projects  for  which  agencies  neither  requested 
money  nor  sponsored  merit-based  competitions  to 
determine  which  institutions  should  get  the 
awards,  (L*)  projects  for  which  an  institution  had 
competitively  obtained  funds  in  previous  years  but 
which  would  have  been  discontinued  if  Congress 
had  not  insisted  that  an  award  be  made,  and  (3) 
projects  that  had  been  com|)etitively  awarded  for 
which  Congress  had  ordered  an  ag(Micy  to  add  a 
specific  amount  of  money  without  any  review. 
Based  on  this  definition,  Cordes  estimated  ear- 
marking at  about  $200  million  in  FY  1988,  slighdy 
under  $300  million  in  both  FYs  1989  and  1990. 
and  almost  $500  million  in  FT  1991. 

•  The  Office  of  Science  and  Technology  Policy 
(OSTP)  recently  completed  a  detailed  analysis  of 
earmarking  in  the  1991  appropriations  bills  {see 
OMB  1991a,  chapttT  IV.C,  pp,  63-64).  hi  all,  492 
earmarks  were  identified  (111  for  K&D  facilities, 
381  for  research  projects)  totaling  $810  mil- 
lion($428  million  for  R&D  facilities,  $382  million 
for  research  projects).  These  figures,  however,  ai'e 
noV  limited  to  Congressional  earmarking  to  uni- 
versities and  colleges,  but  also  include  earmarks 
to  nonacademic  institutions. 


sion  is  universities*  and  colleges'  indirect  cost  ri'coviMT 
from  the  1-edtM'al  (iovernmtMit.  (Sec  "Indirect  Costs  of 
F'ederally  Funded  Academic  Research."  p.  120.) 
Although  indinri  cost  rates  at  universities  and  colK'gi's 
havt*  Ix'en  increasing  during  the  198()s,  the  indirect  cost 
shares  of  the  research  budgets  of  NSV  and  NIH  have  not 
increased  much,  if  at  all.  during  this  period.'' 

At  NSF,  tlu*  indii  ect  cost  share  of  its  acadiMiiic  research 
budget  exhibited  a  slighl  decline  during  this  period  from 
a  high  of  25.:)  perctMit  in  1983  to  its  current  level  of  24 
perctMit.  {Svv  text  table  5  2.) 

At  NIH,  from  1983  lo  1988  \\mv  was  a  leveling  of  in- 
direct costs  to  about  31  percent  of  the  total  cH)sts  foi*  NIH 

Aside  troiii  NSI".  tew  I  Vdcral  a^'ciu'Hs  k('('|)  dclailcd  data  birakin^ 
down  their  awards  tn  miiver<ilies  and  follt^^cs  into  separate  bud- 
ijcl  component^,  ineluditi^^  indirecl  costs.  Mil,  altlion^r||  ji  ,|,h*s  not 
kft  p  detailed  hiid.irriary  data  similar  to  NSI*' s.  does  pntvide  inlorina- 
lioM  about  tlie  proportion  ol  it^  lmid<  k^/ihk  indirect  costs.  See  Nil  I 
{\\m). 
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Indirect  Costs  of  Federally  Funded  Academic  Research 


Reimbursement  of  indirect  costs,  or  overhead,  as 
part  of  the  budget  for  federally  funded  academic 
research  is  a  subject  that  generates  considerable  dis- 
cussion among  researchers,  university  administrators, 
Federal  officials,  and  members  of  Congress.  Indirect 
costs  are  all  the  allowable  costs  of  an  academic  institu- 
tion's research  that  cannot  be  allocated  or  directly 
charged  to  a  research  grant  oi*  contract.  Indirect  costs 
associated  with  federally  funded  I'esearch  at  universi- 
ties and  colleges  account  for  several  billion  dollars  of 
the  Federal  acadeinic  research  budget. 

There  is  general  agreement  that  (1)  indirect  costs 
are  real  costs  of  research  and  (2)  if  they  were  not  at 
least  partly  recovered,  accepting  significant  amounts 
of  external  research  funds  could  put  a  strain  on  a  uni- 
versity's budget.  The  Office  of  Management  and 
Budget's  (OMB's)  Circular  A-21  sets  out  the  rules  for 
specifying  the  direct  and  indirect  costs  of  federally 
funded  research  and  defines  the  cost  pools  that  may 
be  treated  as  indirect  costs  (OMB,  1991b).  Tlie  circu- 
lar leaves  some  flexibility  in  how  various  costs  may  be* 
considered;  the  variation  in  schools'  indirect  cost  rates 
in  part  reflects  that  flexibility. 

ITiough  administrative  overhead  costs  have  been 
the  focal  point  of  concern  over  rising  indirect  cost 
rates,  charges  for  depreciation  or  use  of  facilities  and 
equipment  were  the  fastest  growing  indirect  cost 


component  over  the  last  (kvade.  Oixration  and  maintenance 
costs  were  the  second  fastest  growing  component. 
One  appi'oach  might  be  foi*  these  two  components  to  be 
broken  out  into  a  separate  indirect  cost  rate  for  infras- 
tructure. Growth  in  such  a  rate  may  be  easier  to 
explain  when  it  is  deeirly  associated  with  facilities  and 
equipment  for  research  than  when  it  is  submerged  in  a 
more  loosely  defined  aggregate. 

Many  proposals  have  been  offered  to  contain  the 
growth  of  indirect  cost  payments  by  the  Federal 
(iovernment.  lliese  proposals  have  generally  called 
for  limits  on  either  the  overall  indirect  cost  rate  or  on 
the  administrative  portions  of  the  rate  by  setting  a  uni- 
form rate  for  all  institutions  or  by  setting  a  ceiling.  In 
May  1991,  OMB  proposed  that  reimbursement  on 
Federal  research  grants  for  the  administrative  cost 
portions  of  indirect  costs  be  limited  to  26  percent  of 
"modified  total  direct  costs."  These  modified  costs  are 
direct  costs  less  equipment  costs  and  subcontracts 
over  a  certain  size.  Similar  proposals  to  cap  adminis- 
trative components  of  indirect  costs  have  been  made 
before.  An  interagency  task  force  has  been  estab- 
lished by  OMB  to  review  and  revise  Circular  A-21  in 
the  interests  of  greater  clarity,  simplicity,  and  equity. 
Tlie  task  force  is  expected  to  conclude  its  work  by  the 
end  of  1992. 


rt*search  grants.  'Hu*  variation  during  this  period  was  U^ss 
than  half  a  percentage  point.  In  1989  the  proportion  of 
NIH  funds  for  indirect  costs  rose  slightly  to  perc(Mit. 
Although  th(*  NIH  indirect  cost  data  are  not  liniit(»(l  to  aca- 
dcMuic  research  awards,  in  1989  74  perciMit  of  NIH  s  (extra- 
mural support  went  to  institutions  of  high(M"  education. 

Indirect  cost  rates  can  visv  whih*  the  indii'(»ct  cost 
share  of  a  Ked(M'al  agiMicys  acadtMiiic  KisiV  budget  can 
be  flat  or  vwn  falling  for  such  n^asons  as 

•  A  shill  of  I'V(l(M'al  n^sc^arch  funds  to  institutions  with 
\o\\vv  indirect  cost  rates, 

•  More  awards  that  do  not  allow  tin*  rt^covcMT  of  full 
indircnl  costs, 

•  A  larg(M'  fraction  of  dii'c  t  I'l^sc^arch  costs  that  ai'e 
not  incUuhul  in  the  "modilK^l  dinrt  cost  bast*"  us(h1 
for  calculating  indinvt  cost  paymeius,  and 

•  More  awards  that  rcciiiiix*  cost  sharing  that  take  the 
form  of  a  voluntary  waiver  of  sonu*  of  tlu»  indii'c^ct 
costs. 

Without  much  uion*  dc^taiknl  data  than  n\v  cumMitly  avail- 
able, it  is  difficult  to  (l(»t(M*niin(*  \hv  cWvni  to  wliich  t^ach  of 
llH»se  facloi's  affivls  tin*  behavior  of  indinrt  costs. 

ERIC 


Academic  R&D  Facilities  and  Instrumentation' 

AftiM'  an  (extended  \)v\'m\  of  decn^ased  support  for  aca- 
dcMuic  RiJcl)  infrastructun*  beginning  in  the  late*  I9(>()s. 
the*  counti'y  s  research  univcM'sitic^s  invest(*(l  h(Nivily  in 

nil  laciniics  and  inslninicnlalion  arc  taken  pnniarily  from  Ihr 
t()lli)\siMK  sona  rs; 

•  Si^S  (ll»!Ml))— a^  usrd  in  liii^  ^iiivrv  rej)()rt,  "larilitic^"  rclcr^  lo 
capital  invcslinriit  I'Xpt'nditiij'es  tor  S\l\  rescan'li  or  in^triuiion  at 
tlmsr  iiiiivcr^ities  and  I'nllci^rs  spcndinir  sfilMMHl  or  nion^  annually 
on  separately  budv^eled  U\l). 

•  SRS  (1!ISS|))  ai  J  SRS  ( l!>!H)d)- ir,  tlirse  <>iU\v\-  reports,  "laeililies" 
are  physical  plant.  ineliidinK  inliasti (u  tiire  (pow(M),  fixed  e(piip 
ment  (beiu'lies,  luiue  hoods)  and  nontixcd  e(piipnient  costing 
more  than  SI  niillion.  Intorniaiion  on  R\-l )  sjKiec  is  itu  luded. 

•  SRS  (lIKSSai,  SUS  (If)Mla),  and  additional  nnpnblished  data  and 
analysis  tables. 

Altlion^di  ternis  an*  delined  sptvitieally  in  each  sin\ey,  in  j^eneral. 
"tai  ililies  exju-ndilnres" 

•  .Are  elassitled  as  "eapital"  tinids, 

•  Ale  tlxed  items  siu*li  as  bnildiiVLTs, 

•  ( )Hen  l  ost  ulillions  ot  dollar^,  and 

•  Are  not  ineliided  \sitliin  K\d  )  ex|)eiidimrrs. 

■'l-(jnipniein"  and  **in^irumeiUs"  (the  terms  are  used  inlerrhan^'e- 
ably)  ar<"  .ei'iusally 

•  Nhivable. 

•  P'U'ehased  with  l  unrnl  lands,  and 

•  hk  lnded  within  U\'l )  exprnditmes. 

Ih-eanse  thr  eatet'ories  are  not  nmliially  e\rlnsi\e.  stmie  lar).je 
instrmiieniatlun  sysicnis  l  onid  be  elassilied  as  eiihei*  lai  ililies  or 
('(jiiipment. 

1 .1 ; 
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Figure  5-4. 

Funding  provided  by  current  lead  Federal  R&D 
funder,  by  field 
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H)Si).  (S(v  apiHMulix  tcibU*  5-11.)  The  lowrst  growth  VdW 
was  rx|)(M'itMU*r(l  by  psycholo^^y,  which  (kvliiu^d  at  an 
avtM'a^t'  aiiiuial  rati*  of  7  pcMTfiit  in  constant  dollars. 

()v(M*all  the  ijropoilioii  of  capital  fiiiuls  from  iioii-Fcdcral 
sourct^s  has  hvvn  iiicri^asiii^ — from  74  pcrctMit  in  1972.  to 
(SI  ptMViMit  in  1980.  to  just  over  90  pmvnt  in  1989.  Non- 
Kcdcral  sources,  which  include  state  and  local  K<)vern- 
ments.  spirial  bonds,  donations,  and  other  sources,  ^rew 
an  avera^^e  of  7.8  percent  a  year  in  constant  1982  dollars 
between  lf)80  and  H)89;  concurrently,  F(^deral  spending 
declined  at  an  aviM'a^^e  annual  rate  of  0.7  percent. 

The  survey  data  indicate  that  new  facilities  construc- 
tion projects  ar(^  becoming;  more  expensive:  in  198(>87. 
the  cost  of  new  academic  H*fv:l)  space  in  current  dollars 
was  S207  per  square  loot.  compaiHvl  to  82151  piM'  square 
foot  in  1988-8i).  and  an  estimated  SiUl  per  square  foot  in 
1990-91.  {See  appendix  tabh^  5-12.)  Construction  outlays 
for  academic  research  facilities  are  expected  to  reach 
s;?.r)  billion  {in  current  dollars)  in  199(M)1.  up  from  82.5 
billion  in  li)88-89  and  82.1  billion  in  198(>87.»-' 

Wlien  the  projects  initiated  between  li)8(i  and  1989  are 
completed,  they  ar(^  expected  to  produce*  over  20  million 
s(|uari*  feet  of  new  n^search  spaet* — the  equivalent  of  about 
19  percent  of  existin^i  rest^arch  space,  'lliis  lu^w^  nsearch 
spac(*  is  not  expectixl  to  lead  to  any  si^iificant  increase  in 
the  total  amount  of  research  space,  however,  but  rath(M'  will 
replace  obsolete  or  inadequate  space.  The  new^  constnic- 
ti(Mi  projects  initiat(xl  in  1990-91  are  c»xpected  to  produce 
about  1 1  million  square  feet  of  lu^w^  research  space. 


Hie  ;iK'ls'i''*ls';i'-'*fl  inio  L'  yciir  uiiils  (1)  biriiusc  some  diila  were 
only  ;iv;iii;ii)l<'  ;i|s'kM'»y;it»'(l  lur  l!KS,s  mui  VM^  and  (L')  U)  iiu  it'Hst'  stal)ii- 
itv \)i \hv  rstirnatcs.  Sir  SHS  (11)881))  iiiul  SUS  {mm. 


acadtMiiic  Kikl)  facilities  and  instrumentation  during  tlu* 
1980s,  Recent  surveys  of  both  faciliti(^s  and  instrum(Mita- 
tion  in(licat(*  that  these*  iiiereasc^s  in  expenditmu^s  hav(* 
hc^m  to  address  some  of  the  needs  in  these  areas. 

Facilities.  In  addition  to  the  815  billion  that  academic 
institutions  spent  for  sepai'ately  bud^^diMl  R<K:1)  activilies 
in  1989,  82.1  billion  was  disbursed  for  capiuil  invi^stnuMit 
in  SiKrK  facilitii^s  and  fixed  (equipment  to  be  us(*(l  for 
KiK:l)  and  insinietion.  (Scv  fiKuiv  5-5.)  In  constant  dol- 
lars, this  amount  represented  an  increase  of  2.7  percent 
over  li)88— si^^nificantly  less  than  the  9.2-pere(Mit 
constant  dollar  increase  that  occiu'red  betwc^en  1987  and 
1988. 

Total  capital  (expenditures  for  academic  S<K:1']  facilities 
(plant  and  fixed  equipment)  rose  durin^^  \hr  1980s  at  an 
aviM'aK^'  a!::iual  rati*  of  I). I)  peivent  in  constant  1982  dol- 
lars. Amoiiii  th(»  SiKrl*;  fields,  en^^ineeriny  enjoyed  the 
hiiihest  rate  of  i^rowth  in  capital  expenditures — an  aviM'- 
aj^^e  of  12.0  perciMit  annually  in  constant  1982  dollars 
since  1980.  The  physical  sciences  field  was  second  with 
8.;{-percent  aviM'awe  annual  Kn^^th  betwi^en  11)80  and 
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Text  table  5-2. 

Indirect  cost  share  of  total  costs  for  National 
Science  Foundation  (NSF)  and  National  Institutes  of 
Health  (NIH)  research  grants 


NSF  NIH 
Percent 

1983                                       25.3  30.5 

1984                                       24.6  31.2 

1985                                      24.2  31.3 

1986                                       25.1  31.4 

1987                                       24.3  31.3 

1988                                       24.4  31.2 

1989                                      24.0  31.6 


NO  I  ES;  NSF  data  include  all  academic  awards  (granls  and  contracts) 
from  Its  five  research  directorates—Biological,  Behavioral,  and  Social 
Sciences:  Computer  and  Information  Science  and  Engineering: 
Engineering:  Geosciences:  and  Mathemaiical  and  Physical  Sciences 

NIH  data  include  all  extramural  research  awards  as  well  as  all  aca- 
demic awards  In  1989.  74  percent  ol  NIH's  extramural  support  went  to 
institutions  of  higher  education. 

SOURCES  National  Science  Foundation  and  National  Institutes  of 
Health,  unpublished  tabulations 
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Chapter  5.  Academic  Research  and  Development:  Financial  Resources,  Personnel,  and  Outputs 


Figure  5-5. 

Federal  and  non-Federal  capital  fund  expenditures 
for  academic  science  and  engineering 


Billions  of  constant  1 982  dollars 
3,0  ,  


0.5  -  ^  . 

Federal  sources 

Q     I     1     1     1  1     i     1     i    -    ^  L—l  lJ  1  1  1_J  1— I  L„J  L_l  i-^i  1  1 

1964    1968    1972     1976    1980    1984  1988 

NOTE:  See  appendix  table  4  1  for  GNP  price  deflators  used  to 
convert  current  dollars  to  constant  1982  dollars. 

See  appendix  table  5-10    Science  &  Engineering  Indicators  -  1991 

More*  lhaii  Kf)  piTccMil  ol  llu*  ciirrciil  acadciiiic 
ivseaivh  spaa*  is  roiiccMiiralcHi  in  five*  S<S:1C  fidds: 

•  lii(;I()^ncal  scirncus  {22  pcraMil). 

•  AKriailtiiral  scinicc*s  (18  pcMXviit), 

•  Medical  sc'ic*iia's  (17  peirciil), 

•  KnKiiu*ciiiiK      iKMXvnl),  and 

•  Physical  sciences  (14  pcTccMil). 

Hclw(vn  10  and  (>()  percent  of  the  insliliilions  that  i)er- 
Ibrni  res(*arch  in  llu^se  fields  reporlcMl  a  nec^l  Ibr  more 
research  space  Ibr  work  in  the  discipline.  AllhoiiKh  the 
increased  facilities  funding  hits  been  beneficial  lo  the 
academic  research  inlraslriicliire.  siiivey  results  indicate* 
that  respondents  beli(*ve  th(*re  is  still  a  construction 
backlog  as  well  as  considerable  space  that  needs  renova- 
tion and  repair. 

Instrumentation/'^  L\\v\'cn\  lund  expenditures  for 
academic  research  instrumentation  have  been  yrowiny 

Data  itsrd  liciT  arc  liinit<*<l  to  IiiihK  for  rcsfairh  iii^tnniKMilalinii 
and  do  not  iiu'ludc  tnnds  lor  instriiciiofial  ('(luipinciit. 
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steadily  since  WK]  in  constant  dollars.^'  (See  ai)i)en(lix 
tal)le  Tvi;?.)  About  (iO  to  Uri  percent  of  these  expenditures 
were  covered  by  the  Federal  (iovernment  durinji  the 
H)HOs.  This  percentajic  varied  amonji  individual  fields, 
however,  with  two  fields—the  agricultural  sciences  and 
the  social  sciences — receivin^^  c()nsi(leral)ly  less  than 
half  of  their  research  equipment  funds  fi*om  the  Federal 
(jovernment.  Over  the  decade,  T'ederal  support  did  not 
^^row  as  quickly  as  did  non-l'Vderal.  Annual  growth  in 
I'Vderal  support  avera^U'd  percent  since  while 
non-Federal  support  jirew  11.;^)  i)ercent  in  constant  198^! 
dollars. 

By  field,  expenditures  for  instruments  for  mathematical 
sciences,  en^dneerin^^  computer  sciences,  and  physical 
sciences  ^n'ew  fastest,  increasin^^  at  avera^u*  annual  rates, 
in  constant  \\)H2  dollars,  of  between  10  and  IT)  percent 
since  198:^).  Inmds  for  research  e(iuii)ment  for  the  social 
sciences  and  psycholo^^  yrew  the  slowest,  averayin^  k^ss 
than  5  peivent  annual  growth  since  1!)8;).  Durin^^  the  last 
several  years,  the  rai)i(l  growth  in  e(iuipment  cxpei/li- 
tures  of  the  mi(l-H)80s  has  abated  sli^ditly.  The  annual 
^irowth  rate  for  total  H^\)  e(|uipment  expenditures  lell 
iVom  ()  i)ercent  in  1087-88  to  \  percent  in  1088-80. 

I'Vom  1081  through  1080,  annual  research  eciuipment 
expenditures  comprised  ()  to  7  percent  of  total  R<S:1)  expen- 
ditures, with  a  slight  ui)ward  trend  in  this  percentage 
over  the  decade,  luiuipment  purchases  as  a  i)ercentaK(*  of 
\{^\)  expenditures  were  consistently  higher  than  aver- 
age* in  the  computer  sciences,  physical  sciences,  and 
en^dneeriny  and  consistently  lower  in  the  mathematical 
sciences  and  social  sciences. 

Characteristics  of  Academic  R&D  Instrumen- 
tation. Althou^di  the  data  on  annual  exi)en(litures  for 
rt^search  equipment  at  universities  and  c()lk*^a*s  provide 
useful  information  about  spendin^i  trends,  tiiey  indicate  lit- 
tle, if  anythin^^  about  other  important  characteristics  of 
research  instnimentation  such  as  cost,  adequacy,  and  a^e. 
Conyi'^'ssional  concerns  expressed  durin^^  the  late  107()s 
about  the  adequacy  of  research  equipment  in  leading 
research  universities  pointed  up  the  for  systematic 
data  on  the  subject.  In  response,  NSF  initiated,  with  MM 
sharing  in  the  financial  sui)i)ort,  a  triennial  suivey — the 
National  Suivey  of  Academic  Research  Instruments  and 
Instrumentation  Needs — lo  m(;nitor  the  state  of  aca(k*mic 
research  instrumentation.^'^ 

■  Current  tnnds — as  opposrd  to  rapiial  luiuN-  -  art-  those  in  ilic  year- 
ly oj)cratiii.u  hu(I.U('t  lor  on.u()injj:  activities,  (lenerally,  aeademie  institu- 
tions keep  separate  arrounls  lor  I'urretU  and  i*apital  tnnds. 

To  date,  llirre  eyries  ot  die  itisiniuientatioti  survey  have  been  i'<Hil- 
pleted  usiiu^r  similar  de^i.uiis  and  data  .iraiherin.n  nielhods.  The  tnsi 
eyrie  was  rondurted  in  U)S:i-Sl.  the  secotui  in  llWV.sV.  and  the  third  in 
liaelt  ol  these  eyries  was  I'ondueted  in  two  phases.  Dnrititj  die 
tirst  phase  l!»Sh.  li'Sli).  inlortnation  was  eolleeted  lor  the  pliysi- 

lal  seieiu'es,  I'oinputer  srieiu'es.  and  enjj^ineei'in.u.  Dnrinii  the  si-t'ond 
phase  (iDSj.  1!).S7.  MH)),  inlortnation  was  e(>llerted  tor  the  a.irrieidtnr 
al.  ))lolo.uieal.  and  euvironniental  snenees.  with  the  l)iolo.uieal  seieni'es 
portion  ol  the  s»if\ev  iiuiiidiULi:  a  separately  selei-ied  sample  ot  luedieal 
sehools  in  addition  U)  the  s,-imp|e  »»!  iMHunedieal  uiii\'ersities  and  eol- 
l(%'es  ihai  provided  data  lor  all  die  major  S\  l-.  fields. 
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ApproxiiiiatHy  pmuMit  of  a)^  inslriiincnl  syslcins  in 
iisi»  ill  1988-89  had  birii  aa|iiiiv(l  in  the  pn^vious  15  yt^ars. 
a  luiiiibcT  almost  idcMitical  lo  tin*  ptMwnl  n^porlrd  Ibr 
instriinuMits  in  use  in  198r>8(\''  (Sir  apprndix  labh^  T)- 
14.)  About  25  piMwnt  ol'  inslrunu'nt  systems  in  use  in 
1982-8;^  had  been  retired  from  rt^search  by  198rv8().  and 
about  27  percent  of  those  in  use  in  198rv8()  that  wen* 
more  than  W  years  old  had  been  retired  from  research  by 
1988-89.  As  a  rt^sult  of  both  retirement  of  older  equip- 
ment and  an  incrc^ase  in  the  size*  of  the  ecpiipment  stock, 
the  ajje  distribution  of  the  research  instrumentation 
chanjjed  sijinificantly  ovcm*  the  course  of  the  threi*  sur- 
veys. In  1982-8;i.  ()2  p(MVent  of  the  in-use  instrument  sys- 
t(Miis  were  5  years  old  or  U*ss,  and  ptMVent  were  ()  or 
more  years  old.  By  1988-89,  (W  percent  of  the  systems 
were  5  years  old  or  less. 

The  survey  data  show  lncrc»as(»s  in  the  number  of 
instruments,  the  aK^ri^^ate  purchase  price  of  instru- 
ments, and  the  mean  price  per  systcMii.  (See  appendix 
table  5-15.)  Tin*  numbiM^  of  in-usc»  academic  K&l)  instru- 
ment systems  in  the  fic^lds  sui'viyed  increased  by  al)()ut 
50  ptMXvnt  belwiHMi  both  the  1982-8:5  to  1985-86  period 
CWi.iJOO  to  5:5.:{90)  and  the  1985^81)  to  1988-89  period 
(5;i.;{9()  to  78.950).  The  aR'irejjate  purchase  price  for 
these  instruments  in  current  dollars  increased  from 
S1.:^0  billion  in  1982-8:i  to  $2.04  billion  in  l!)8r>-8()  to  s:5.18 
billion  in  1988-89.  Adjusti^d  for  inflation,  these  increases 
represent  a  real  net  increase  of  44  percent  between  the 
first  two  periods  and  51  perciMit  between  the  last  two 
periods.  The  mean  price  per  in-use  instrument  system  in 
cui-rent  dollars  incn^ased  from  8;{(S.000  in  1982-8:5  to 
S:i8.000  in  l!)85-8()  to  $40,000  in  1988-89.  When  adjusted 
for  inflation.  how(»vtM\  the  aviM'a^c  price  per  system  was 
essentially  unchanged  during  the  entire  1982-8:^  to  1988- 
89  period. 

During  the  fi  yi^ars  of  the  thnv  sumy  cycles,  annual 
expenditures  for  both  llu*  purchasi*  of  research  instru- 
ments and  for  tin*  repair  and  maintenance  of  existinjj 
research  instmmiMits  increased.  (Svc  text  tabU*  5-:5.)  After 
adjustment  for  inflation.  i^xpiMulitures  for  purchasinjj  new 
or  us(*d  i*(|uipnH»nt  increased  by  48  piTcent  Ix^tween  1982- 
8:{  and  1985-8()  and  by  11  piMViMit  bilweiMi  1985-8()  and 
198H89.  Maintenanci*  and  n^pair  expiMidituns  increas(»d 
by  2()  percent  during  tbe  first  period  and  by  only  5  percent 
durinfj  the  strond  period.  As  a  n^siilt  of  thi^si'  expiMuliture 
patterns,  for  eveiy  dollar  spent  on  purchasing  resi^arch 
( quipment.  25  cents  was  spcMit  on  maintiMianci^  and  n^pair 
in  1982-8:i  22  ceiUs  in  1985-8().  and  21  ciMits  in  1988-89. 


In  all  \hvrv  suiTcys,  inloniiiilioii  aboiil  i  iinciil  ('(jnipiiKiil  needs 
and  prittrilies  was  oblained  with  icleicnee  lo  ailiwd  survey  year. 
Inh)nnalii)n  abonl  e(iiii|)nienl  dollar  anioiinis  and  expendiliu'es  reters  lo 
llu'  year  preeedinK  die  sum-y.  Tlieretore,  lln'  dala  disnissed  here  lor 
die  pliysieal  seiences.  eonipuler  sciences,  and  enKMnecriiiK'  were  collect- 
ed lor  *ll)SL\  llKS.l.  and  ihe  data  lor  llie  aKiicullmal.  biological,  and 
envinmiiienlal  sciences  were  collecled  tor  1!)S(>.  and  WW.  Dala 
Ironi  these  sui^eys  are  (luis  ivhrred  lo  as  IliSli-Sii  data.  HlSfi^.i  dala. 
and  HISS-S!)  ilala  (si-e  SRS  l^hSSa  an'!  SKS  IDDia).  I'nless  otherwise 
noted,  dala  are  lor  inslrunieuls  nistinw  lr<nn  SKMHH)  to  si  inillion. 
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Text  table  5-3. 

Annual  expenditures  for  research  equipment  pur- 
chases and  for  maintenance  and  repair  of  existing 
research  equipment 


1982-83 

1985-86 

.988-89 

Dollars  in  millions 

Purchase  of  nonexpendable 

research  equipment  

400 

678 

831 

Maintenance/repair  of  existing 

research  equipment  

101 

149 

175 

Cents 

Amount  spent  on  maintenance/ 

repair  for  each  Si  spent  on 

research  equipment  

25 

22 

21 

SOURCE:  Science  Resources  Studies  Division.  National  Science 
Foundation.  Academic  Research  Equipment  and  Equipment  Needs  in 
Selected  Science  and  Engineering  Fields:  1989^90.  NSF  91-31 1 
Washington  D.C..  1991.  and  unpublished  tabulations. 
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Thv  purchase  of  iu*w  rquipnuMit  clurinjj  tin*  U)8()s 
appi'ars  to  have  produced  biMU'fic'ial  ivsults  for  many 
acadiMiiic  drpartnicnts.  Most  SXrK  di^partniont  luwls 
reported  that  the  overall  adequacy  of  their  research 
i^quipiiUMit  either  remained  about  the  same  (?}2  piMVeiit) 
or  improved  (50  piMViMit)  ovi^r  tin*  past  15  yi^ars.  Over  the 
{yyc'tW  piMiod  of  tlu^  surveys,  then*  also  was  a  n^duction 
in  the  perceiitajjes  of  department  heads  citinjj  important 
subject  areas  whvw  di^partment  researchers  could  not 
perform  critical  i^xpiM'iments  because*  necessary  c^quip- 
ment  was  lackinjj.  However,  althoujjh  the  proportion 
decreased  from  72  perctMit  in  the  198:^-84  survey  to  ()2 
percent  in  the  1989-90  sum^y,  it  was  still  wi^ll  above  50 
percent  in  all  fields  except  the  biolojjical  sciences. 

The  Spreading  Base  of  Academic  R&D 

The  number  of  institutions  in  which  academic  R&l)  is 
housed  continued  to  expand  diwinjj  the  past  (Ura(U\  as 
rellected  in  the  K<!Cd)  expenditinv  patterns  of  277  aca- 
d(Mnic  institutions  which  have  been  surveyed  annually 
by  NSl^'  since  197;»:  together,  tlu^  have  consistently 
accounted  for  more  than  90  percent  of  total  academic 
K&l)  spending. 

Kach  of  2(\  StKrK  fields''  in  each  of  the  277  institutions 
was  examined  over  a  10-year  period  to  determine  its 
\<<W  volume  for  1980  through  1989.  In  1980.  these  insti- 
tutions reported  some  RXrl)  expenditures  (no  matter  how 

Tin  *Ji)  fields  inlo  wliit  h  NSi*  nilcuori/cs  at  adcinic  cxpcndi- 
lures  iiu'ludc 

•  Six  in  ('n^,Mn('('(inj.^ 

•  i-'onr  cai'li  in  Uu-  physical.  cnvinMinicnlal.  and  lilr  sncnccs: 

•  Two  in  the  tnalli(ina(it*al  and  coinpnlri'  sficiu'cs; 

•  i'ivc  in  die  s(K"ial  and  bchavinral  sncnn's;  and 

•  A  I'ah'j^ory  lor  fields  tml  rlsi'wlu'H'  rlassificd.  ^^cnerally  rclcri  in.u 
lo  inicrdisriplinary  aclivitics. 
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small)  ill  a  total  of  fields;  by  1989.  th(^  number  of 
ll(*l(ls  had  increased  by  2.7  p(MT(mU  to  3J17.  (Sei*  appen- 
dix tabl(*  S-K).)  Median  constant  dollar  spending  rose 
from  8;59LM)()()  in  1!)8()  to  $()8;i()()()  in  1989. 

In  1980,  t!  277  universities  and  eolle^^(*s  sp(MU  at 
l(*ast  81  million  (in  constant  1988  dollars)  for  \<&\)  in 
1.1()2  of  their  S&K  fields.  Hy  1989.  the  number  of  such 
fields  had  incn^ased  by  3()  percent  to  1,575.  (See  appen- 
dix table  5-1(1)  Viewed  an()lh(M'  way.  just  over  half  of  lh(* 
277  institutions  (144)  had  fewer  than  '^  fields  in  1980  thai 
exceeded  the  SI  million  spending  threshold;  by  1989, 
this  numb(»r  had  declined  to  114.  Conversely,  the  num- 
ber with  10  or  mon*  fields  above  81  million  rose  from  46 
in  1980  to  m  in  1989.  (vSee  figure  Mx) 

Geographic  Distribution  of  Academic  R&D 

All  n^fji^^^^  of  the  counliy  have  shared  in  the  jirowlh  ol 
acad(Mnic  R&D  funds,  bul  not  equally  so.  (Se(*  text  table 
5-4  and  fij^ure  5-7.)  With  new  inslilutions  and  new  d(»pai1- 
ments  (MileriiiK  academic  Rc^l).  there*  has  been  a  slow  but 
marked  shift  in  th(*  distribution  of  academic  R&\)  spend- 
iuK  toward  the  Sun  Belt,  away  from  the  North.  Hast, 
and — to  a  l(*sser  dc^jjret* — Wt^st.  The  South  increased  its 
fundiiiK  st(*adily  from  2?)  percent  of  total  in  197;>-74  to  2() 
percent  in  1980-81  and  29  percent  in  1988-89.  (See 
appendix  table  5-18.) 


Figure  5-6. 

Academic  institutions  that  exceeded  $1  million  in 
separately  budgeted  R&D,  by  number  of  S&E  fields 


0  50  100  150  200 

Number  of  institutions 

NOTES:  Data  represent  26  science  and  ungmeenng  (S&E)  fields  in 
277  institutions  R&D  funding  .eflects  constant  1988  dollars. 

See  appendix  table  b-17.  Science  &  Engineering  Indicators  -  1991 


The  saiiu^  K^'neral  paltcM  ii  can  b(*  observed  lor  Federal 
and  ii()ii-Fe(U*ral  Rc<:I)  funds.  (See  appendix  tabh*  fvUU 
The  South,  ()nc(*  the  re^non  with  lh(*  lowest  proportion  of 
Federal  funding,  in  1988-89  was  a  close  third  behind  the 
Fast  and  W(*st.  In  non-Fculeral  funding,  the  North  and 
South  tied  for  the  highest  share  (28  |)erc(Mit)  in  197:^-74;  by 
1988-89.  the  South  had  by  far  tlie  largest  pr()i)()i1i()n— ;54 
percent  of  the  total — and  was  15  perccMitajje  points  ahead 
of  the  last-ranked  West.  (See  text  table  r>4,) 

The  same  pattern — the  South  K^iiniiiK  in  the  share  of 
Federal  and  total  R&D  Funds— holds  for  most  S&F 
fields.  Fxci^ptions  are  mathematics  and  computer  sci- 
ences and  psychology,  which  lost  share  in  Federal  and 
^aiiu^d  share  in  non-Federal  funds» 

Doctoral  Scientists  and  Engineers 
Active  in  Academic  R&D 

Doctoral  academic  researchers  are  those  Ph.D.-holdiiiK 
sci(Mitists  and  eiiKincuM's  who  are  cMiiployed  by 
academic  institutions  and  have  reported  that  they  are 
activ(*ly  en^uifjed  in  some  aspect  of  R^SiD  (i.e.,  basic 
research,  applied  research,  or  devel()pm(Mit).''''niis  section 

'  Data  (Ml  (liK'inral  scientists  and  ('n.irin(*(Ms  an*  derived  Iroin  the 
i>ieniiial  Suitcv  of  DocMorate  Keei|)ients  eoiulurted  lor  NSK  by  (he 
National  Keseairli  Council.  In  this  section,  "academic  institutions" 
refer  to  universities.  1-  and  li  ycar  collej^^'s  (the  latter  K'^'iH'rally  con- 
tribute little  to  activity),  and  nie(Hral  schools,  as  identified  by  the 
respondents,  but  exckide  uiiiversity-inana^'ed  VV\i\  K's. 

A  recent  broad  assessment  ol"  NSPs  sur\'eys  ol  scientist  and  en;,n- 
neers  (NKC  VM))  has  noted  ccrtam  limitations  of  the  doctorate  sur- 
veys and  has  reconnnended  imivrovements. 

I'.xcepl  for  some  limited  data  on  K'laduale  research  assistants,  no 
data  are  available  on  nondocloral  academic  research  persomiel 


Text  table  5-4. 

Distribution  of  academic  R&D  expenditures,  by 
major  region  and  source  of  funds 


1973-74   1980-81  1988-89 


Percent 

All  sources 

East   28.0  26.5  26.0 

West   24.3  24.8  23.1 

North   24.1  22.7  21.1 

South   23.3  25.7  29.1 

Federal 

East   29.9  29.2  28.6 

West   26.7  26.7  25.7 

North   22.2  21.0  19.6 

South   21.0  22.8  25.5 

Non-Federal 

East   24.0  ?1.1  22.2 

West   19.1  21.0  19.3 

North   28.1  26.1  23.4 

South   28.1  31.3  34.3 


See  appendix  table  5-18.       Science  &  Engineering  Indicators  -  1991 
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Figure  5-7. 

Real  growth  in  total  academic  R&D  expenditures:  1973/74<-1 988/89 


Less  than  50% 


50-100% 


100-150% 


150-200% 


More  than  200% 


See  appendix  table  5-19. 
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focuses  oil  ihv  characUTislics  of  tlu'st^  rt'sc^archcrs. 
S|)(rifically.  it  pn^sciils  data  on  iIumi*  iuiinb(M\  firlds  of  coii- 
cniiralioii,  a^c,  K^ndtM*,  raccA^linicity.  and  sources  of  su|>- 
port.  Sonic  (lata  ai*c  also  pn^sciitcd  on  jji'aduatc  I'cscardi 
assistants  supporting  academic  Kc^l). 

Number  of  Academic  Researchers ' 

In  1989,  tlurc  wore  484.K()9  doctoral  scientists  and  engi- 
neers, of  whom  202,208  wen*  (Miipl()y(*d  in  the  academic 
sector  (t^xcludiiiK  those  in  FFKDCs  managed  by  universi- 
ti(*s  or  university  consortia).  (Si»e  appendix  table*  r>20.)  Of 
the  doctoral  scientists  in  acadeniia.  1H9J()H  held  faculty 


Ntiinl)iM' m  aradriirir  rt^scMii  luTs  was  (l(Mrnniii(Ml  based  on 
n'si)()!is(*s  !<)  ;i  sum*\'  (nirstion  on  ijriniaiy  and  scrondaiy  work  arlivi 
ty.  KrsraivluTs  aw  dctinrd  a>  ivspondrnls  wlio  iiulicalr  llial  ivsc^aivli 
is  tluMr  priniaiy  or  sccoiulaiT  n's|)onsil)ility. 


rank,  and  12.440  held  other  positions  (e.^.,  research  asso- 
ciate). In  all  ir>».H(iO  were  en^aKcd  in  academic  Rc^cl)  as 
defined  here,  including  77  ptMVent  of  those  with  faculty 
rank  and  72  percent  of  those  with  other  posituuis. 

Over  the  past  decade  the  academic  doctorate-holding 
StJtIv  workforce  has  become  more  research-intensive,  as 
nu*asurc*(l  by  the  proportion  of  those  reporting  some 
research  activity.  H(Mween  H)79  and  19H9.  the  number  of 
doctoral  scientists  and  engineers  tMnploy(*d  in  academia 
increas(  (1  by  32  percent— from  HS:i2H5  to  202.208— but 
the  number  of  doctoral  acadtMiiic  Sc^iK  researchers 
increased  by  .S4  percent— from  10().r)«2  to  154.8(i(). 
Consequently,  the  proportion  of  Sc^K  Ph.D.-hokhTS  who 
i*(*p()rted  some*  rt*searcli  activity  rose  from  6(i  percent  in 
1979to77pererntinl989. 

Hy  Iu4d.  the  sliarp(*st  ^ain  over  the  decadt*  in  r(*st*ar(*li 
activity  was  (experienced  by  the  social  sciences.  In  1979. 
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\)v\xvn\  of  all  social  scMcntists  v^vvv  involved  in 
ivseairh;  by  1989,  this  fraction  was  74  percent.  The 
hi^licst  level  of  research  activity  (89  percent)  was  in  the 
environmental  sciences.  (See  appendix  table  WO.) 

Academic  Researchers  by  Field 

The  field  composition  of  the  academic  research  work- 
force undei-went  some  changes  in  the  i)ast  decade.  IJfe 
sciences  researchers  remained  the  lar^u'st  ^roup.  main- 
taining their  3(>|)ercent  share  of  the  Sl^K  total.  The  num- 
ber of  researchers  in  the  physical  sciences  jirew  more* 
slowly  than  that  in  other  fields — about  2  i)ercent  amuial- 
ly»  compar(*d  with  more  than  4  i)ercent  lor  all  the  sci- 
ences and  more  than  T)  percent  for  en^ineerinK.  (St»e  fiji- 
iire  r>8.)  Consequently,  the  i)hysical  sciences  declined 
from  \^)A  percent  to  12.8  percent  of  all  investigators, 
Kn^ineerin^  increased  its  share  of  total  S&K  researchers 
from  1().(>  to  11.5  percent,  and  the  social  sciences  (which 
gained  Ph.l).4evel  researchers  more  rajMclly  than  did  any 
other  broad  field— set*  "Number  of  Academic  Researchers/' 
p.  125)  increased  from  a  14.9-percent  share  to  a  17.(>i)er- 
cent  share.  The  jireatest  incnnise  (17(i  percent  over  the 
decade)  was  registered  for  researchers  in  the  computer 
sciences.  This  increase  was  iVom  a  small  base,  however, 
and  the  overall  computer  sciences  total  still  rei)resents 
less  than  :5  percent  of  all  academic  Sc^M  researchers. 

The  increase  in  researchers  substantially  exceeded 
the  increase  in  S<S:K  employment  in  each  major  field. 


Figure  5-8, 

Annual  growth  rates  of  employed  doctoral 
scientists  and  engineers  and  those  active  in 
academic  R&D,  by  field:  1979-89 


0       2       4       6       8       10  12 
Percent 


NOTE:  R&D  includes  both  primaiy  and  secondary  work  responsibilily. 
See  appendix  table  5-20.    Science  &  Engineering  Indicators  -1991 


Conseciuendy,  between  1979  and  1989  the  rate  of  partiei- 
pation  in  academic  R^D  incivased  in  all  major  fields,  ris- 
from  77  to  8;]  perc(Mit  for  enKineeriiiK.  and  from  (if)  to 
7()  pereenl  for  the  sciences.  (See  ai)pendix  table  5-20.) 

Women  in  Academic  R&D 

The  overall  academic  emi)l()ymenl  ol  women  rii.!).- 
holders  in  ScVtK  almost  (l()ul)led  between  1979  and  1989. 
jimii)inK  from  19»19()  to  :)(),()10.  Over  the  same  period* 
the  number  of  women  active  in  Kc^I)  more  than  doubled, 
increasing  from  11.192  to  2().74().  (See  api)endix  table 
5-21.)  l^ecause  of  this  hi^di  rate  of  increase— albeit  from 
a  relatively  small  bast — by  1989.  women  rejM'esented  17 
percent  of  all  academic  researchers.  U|)  from  11  percent 
a  decade  earlier,  (See  text  table  5-5.)  The  proportion  of 
female  researchers  remained  roughly  in  line  with  the 
increased  percentage  of  female  doctoral  scientists  and 
en^ineiM's  in  academic  employment. 

Almost  half  of  all  women  doctoral  researchers  were 
active  in  the  life  sciences.  Relatively  lar^e  proportions  of 
women,  compared  to  men»  were  also  found  in  the  social 
sciences  and  i)sych()l()Ky.  1  hcse  three  areas  accounted 
for  8:^  percent  of  all  women  researchers  in  1989»  com- 
pared to  58  percent  of  all  men.  (See  figure  5-9.) 

Minorities  in  Academic  R&D 

The  number  of  minority  IMi. I). -holders — blacks, 
Asians,  Native  Americans,  and  Ilispanics— amon^  aca- 
demic scientists  and  engineers  remained  relatively  small 
in  1989  (2;j,999),  as  did  their  number  anions  academic 
researchers  (2().i;)8),  (See  ai)i)endix  table  5-21.)  y\sians 
continued  to  i)red()minate  amon^^  racial/ethnic  groups, 
c()mi)risinK  ()8  i)ercent  of  all  minorities  em|)l()yed  in 
academia  and  715  i)ercent  of  the  minority  researchers. 


Text  table  5-5. 

Women  doctorate-holders  in  academic  employment 
and  in  academic  R&D,  by  field 

In  academic  In  academic 
employment  R&D 


1979 

1989 

1979 

1989 

Percent 

Total  science  and  engineering  . 

12.5 

18.1 

11.1 

17.3 

Total  sciences  

137 

19.9 

12.3 

19.1 

Physical  sciences  

6.7 

9.5 

5.7 

9.0 

Mathematical  sciences.  .  .  . 

7.4 

10.1 

6.1 

8.8 

Computer  sciences  

5.1 

10.3 

4.7 

107 

Environmental  sciences  .  .  . 

5.6 

9.5 

5.1 

9.6 

Life  sciences  

16.1 

23.8 

15.3 

23.1 

22.1 

33.0 

20.7 

32.0 

14.4 

19.7 

13.2 

19.8 

Total  engineering  

1.0 

2.8 

1.1 

3.1 

See  appendix  table  5-2^.      Science  cJi  Engineering  Indicators  ~  1991 
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Figure  5-9, 

Distribution  of  doctoral  academic  science  and 
engineering  researchers,  by  gender  and  field:  1989 

Environmental  -  5%    Computer  -  3% 

^Mathematical  -  6% 


Psychology  -  7% 


Other  - 1% 


Men 


Environmental  -  2% 
mputer  -  2% 
lathematical  -  3% 


r 


Physical  -  7% 

Other -1% 
Engineering -2% 


Psychology  - 1 5% 

Women 
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Although  th(*  absolute*  nunihrrs  of  iiiiiiority  doctorate* 
St^'K  researchers  rciiiaiiKMl  low,  particularly  n)r  non- 
Asiaiis,  tluMV  W(MV  much  stronger  proportional  ^Jtins 
ovtM'  the  decade*  for  iniiiorities — re^^ardh^ss  of  race/(*th- 
iiicity — than  for  whites.  The*  iiicr(*as(*  in  iiiiuority  doctor- 
al eiiiployiiUMit  from  1979  to  1989  exceedt*(l  70  percent; 
that  of  researchers  exceedtMl  90  peMvent,  For  specific 
ll(*lds,  tin*  Kiiins  were  much  .tireater:  environmental  sci- 
ences. 144  percent;  enKine(*rinK  Jtnd  psycholo^,  IIT)  piM*- 
C(*nt  each;  mathematics  and  computer  science*.  90  per- 
cent. (See  t(*xt  table  Tvl).)  As  a  result,  minorities  in  1989 
comprK-ed  11.9  percent  of  total  aca(U*mic  ScV:K  doctorate- 
holders  (up  from  9,li  pt*rct*nt  in  1979)  and  K^.l  percent  of 
researchers  (up  from  10.15  percent  a  decade  earlier). 

About  one-third  of  all  minority  researchers  were  in  tin* 
lift*  sci(Mices  in  1989;  this  proportion  was  similar  to  that 
of  whit(*s.  Otherwise,  fi(dd  concentrations  vary  by 
race/ethnicity.  (See  text  table  r)-7.)  Asians  disproportion- 
ately favor  enKineerin^  and  th(*  mathematical  and  com- 
puter scienct*s  compared  to  whites,  Hlacks  and  Hispanics 
disproportionately  favor  the  social  sci(Mic(»s,  (Hie  num- 
bers for  Native  Americans  in  the  sample  sum*y  are  too 
small  to  allow  for  iiK^aninKful  breakdowns.) 

Hlack  and  Hispanic  Ph.D.-holders  experienced  sub- 
stantial perc(*ntaKe  incr(*as(*s  from  1979  to  1989  in  both 
acadtMiiic  employment  and  academic  RcK:I).  (See  text 
tabl(*  r>0.)  For  both  doctoral  blacks  and  Hispanics.  the 
numbt*rs  employed  in  academic  positions  almost  dou- 
bled. The  numbers  involved  in  Rc^D  increased  (*ven 
more  rapidly,  rising  by  VM  percent  for  blacks  and  151 
percent  for  Hispanics.  The  number  of  Native  Americans 
rcMiiained  exceedingly  low. 


Text  table  5-6. 

Percentage  change  in  minority  participation  in  academic  R&D  and  total  doctoral  employment,  by  field  and 
race/ethnicity:  1979'*89 


White 

Black 

Asian 

Native 
American 

Hispanic 

All 

minorities 

Percent 

Academic  R&D  employment 

Total  science  and  engineering  

49.9 

137.3 

79.0 

46.6 

150.9 

91.8 

Physical  sciences  

24.1 

225.5 

29.4 

136.1 

53.4 

Mathematical  and  computer  sciences  

56.5 

125.5 

117.8 

* 

145.0 

123.9 

56.0 

110.6 

210.7 

147.5 

51.7 

93.8 

60.0 

43.5 

93.3 

66.9 

Psychology  

49.3 

130.9 

326.5 

-13.2 

183.3 

171.7 

75.9 

115.1 

121.4 

50,8 

311.1 

141.9 

56.6 

121.8 

173.7 

130.8 

Total  Ph.D.  employment 

Total  science  and  engineering  

28.3 

91.7 

64.8 

44.9 

92.8 

71.8 

8.4 

179.2 

21.5 

* 

50.7 

35.5 

Mathematical  and  computer  sciences  

36.0 

32.0 

100.2 

* 

106.8 

95.6 

Environmental  sciences  

35.7 

117.6 

171.8 

143.5 

37.6 

77.2 

57.9 

73.9 

74.6 

62.4 

25.4 

87.0 

115.5 

15.8 

285.1 

114  6 

29.0 

82.1 

45.2 

58.9 

168.3 

69.8 

Engineering  

47.4 

125.2 

45.7 

115.4 

*    too  few  cases  to  estimate 


See  appendix  table  5-21 .  Science  &  Engineering  Indicators  -  1991 
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This  tMiiployiiKMit  K^'^JWth  aiiioiij::  iiiiiiorities,  lu)wmM\ 
came  from  small  mimorical  bases.  Despite  these  steep 
relative  increases,  only  3,299  black  Sc^K  Ph.D.-holders 
were  employed  in  acadeinia  in  1989  (l.H  percent  of  total, 
up  from  1.1  percent  a  decade  earlier)  and  only  1^,89:^ 
Hispanics  (1.9  percent,  up  from  l.'^  percent  in  1979). 
Anions  researchers,  corresponding;  percentages  were 
1.3  percent  for  blacks  (from  0.9  percent  in  1979)  and  2.0 
percent  for  Hispanics  (1.2  percent  in  1979). 

Changing  Age  Structure  of  Academic 
Researchers 

The  average  a^^e  of  academic  researduM's  iiicn^ast^d  in 
the  past  decade,  continuing  a  trend  that  bej^an  in  the 
early  1970s.  The  median  ajje  of  academic  researchers 
rose  from  38.7  years  in  1973  to  39.7  years  in  1979;  it  was 
43.8  years  in  1989. 

Put  another  way,  in  1973  only  25  percent  of  academic 
researchers  had  earned  their  Ph.D.  degrees  more  than 
15  years  eaiiier;  this  fraction  had  risen  to  28  percent  by 
1979  and  to  45  percent  by  1989.  Conversely,  "young" 
n^searchers  (those  who  had  earned  their  Ph.D.  degrees 
within  7  years  of  the  survey  date)  comprised  47  percent 
of  the  total  in  1973,  36  percent  in  1979,  and  only  28  per- 
cent in  1989.  (See  figure  5-10.) 

The  increase  in  mean  age  was  most  pronounced  in  tlu* 
physical  sciences  and  least  pronounced  in  the  life  sci- 
ences. In  the  physical  sciences,  the  proportion  of 
researchers  who  had  earned  dieir  doctorates  more  than 
15  years  ago  increasi^l  tVom  25  perciMit  in  1973  to  55  p(M- 
cent  in  1989.  In  the  life  sciences,  the  change  was  from  30 


Text  table  5-7. 

Distribution  of  doctoral  academic  science  and  engi- 
neering researchers,  by  field  and  race/ethnicity: 
1989 


Native 

White  Black  Asian  American  Hispanic 
Percent 

Total  science  and 


engineering  

100.0 

100,0 

100.0 

100.0 

100.0 

Physical  sciences . 

.  12.6 

14.9 

13.12 

2.5 

13.7 

Math/computer 

sciences  

8.4 

5.6 

11.2 

9.3 

10.2 

Environmental 

sciences  

4.5 

1.1 

2.3 

5.5 

Life  sciences  .... 

36.4 

32.1 

34.5 

21.9 

31.9 

Psychology  

8.7 

10.6 

2.0 

10.9 

2.7 

Social  sciences,  . . 

.  17.9 

26.3 

12.4 

29.5 

22.3 

Engineering  

.  10.4 

5.5 

22.4 

11.5 

•  =:  too  few  cases  to  estimate 

SOURCE  Science  Resources  Studies  Division.  National  Science 
Foundation,  unpublished  tabulations 
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piM'cent  ill  197:5  to  41  perciMtt  in  1989.  (Sit  ai)iKMi(lix 
tabli*  r>22.)  Thv  iiKTeasiiiK  a«[e  ol  acadiMuic  n^searduM's 
iniiTors  (1)  the  rising  average  a^t*  ol  doctoral  academics 
ill  K^MieraK  due  to  the  hWiJ^v  iiuiiibers  of  the  Ph.D.-hold- 
iiijj  scientists  and  enjiiiK^ers  hin^l  during  the  19()0s  and 
(2)  the  lower  academic  hiriiiK  levels  since  the  niid-197()s. 

Increased  Research  Participation 

A  robust  trend,  evident  over  the  past  decade,  shows 
increasing  n^search  participation  across  all  a^e  <)iip^' 
(See  fij^ure  5-11.)  Between  1979  and  1989,  research  par- 
ticipation lor  all  doctoral  scientists  and  (Mij^ineers  rose 
from  (iG.f)  to  77.7  percent  of  total.  This  change  was  more 
pronounced  for  younjjer  Ph.D.-holders,  but  was  not  lim- 
ited to  them.  (See  appendix  table  5-2:1) 

For  example,  in  1979,  70  percent  of  all  acadmiic  sci- 
entists and  enj^iiieers  within  7  years  of  receipt  of  their 
Ph.D.  decrees  were  enj^afjed  in  research.  The  percent- 
age increased  for  the  subsequent  cohorts  and  reached 
88  percent  in  1989.  This  upward  triMid  appi^ars  to  be  sus- 
tained as  successive  Ph.D.  cohorts  have  afjed.  The  rate 
of  research  participation  declines  with  increasing  aKt\ 
but  this  decline  was  less  in  recent  years  than  in  the  past. 
For  example,  research  participation  of  those  more  than 
15  years  beyond  the  I^li.D.  decree  rose  from  perccMit 
in  1979  to  72  percent  in  1989.  All  major  fields  contribut- 
ed to  this  increase.  (See  appendix  table  5-2:5.) 


Figure  5-10. 

Age  distribution  of  science  and  engineering 
researchers,  by  years  since  Ph.D.  award 
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Figure  5-11. 

Academic  scientists  and  engineers  active  in 
research,  by  years  since  Ph.D.  award 
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Federal  Support  of  Academic  S&E 
Researchers 

AlthouKli  the  Fi^di^ral  (JovtM'iiiiieiU  ss/mrr  of  acadtMiiic 
K&I)  funding  has  dcdim^d  from  ()7  ihtcciU  in  U)79  to 
about  (iO  p(TC(MU  in  1989.  a  risiiij^  proportion  of  all  aca- 
d(Mnic  researchers  reporti^d  riTeivin^'*  at  least  soini^ 
F(*deral  support  foi*  tlu^r  work,  hierc^asi^s  oeeurred  for  all 
aKe  Ki'^)Ups  and  all  major  fu^lds  i^xeept  the  social  sciences, 
which  essiMitially  maintained  their  1979  level  of  In^deral 
support.  (S(T  fiKurt^  r>-12.) 

Hu^  proportion  of  all  StfcK  acadi^nic  researcluM's  with 
Ked(Tal  (iovtrnnuMit  support  incn^ased  from  T)!^)  piTcent  in 
1979  to  .W  pcTcent  in  19S9.  (Svv  appi^idix  tabU^  ^>2\.) 
hvim^vu  ()5  and  75  pcMVi^it  of  ri*s(^archers  in  tlu*  physical. 
(Mivironmenlal.  and  life  scienci^s  and  in  enfjintHMMnj^ 
HM^ortc^d  fundinf^  from  a  U.S.  (lOViTiimeiU  aj^ency.  'llu^st^ 
proportions  wvw  up  from  Im^whhmi  T).^)  and  lii]  piMVenl  in 
1979.  Although  only  about  42  pcTciMit  of  thosi^  in  tlu^ 
niallKiiiatical  and  coniputtM'  sciiMict^s  n^portinl  such  sui>- 
port,  this  constitutes  an  incn^asi^  from  2H  percmt  a  diradt* 
aKo  in  thes(^  fu^lds.  The  proportion  of  n^st^arcluM's  in  tin* 
social  and  lu^havioral  sciences  ix^portintj  lu^diM'al  support 
riMiiaincnl  unchanf^inh  (Svv  "(iraduati^  StudiMits  in 
AcadiMiiic  R&D.'p.  I'M),  for  n^laled  information  on  Federal 
support  of  academic  resc^arcluTs.) 

Rising  Expenditures  per  Academic 
Researcher 

AcadcMiiic  \<^\)  (^x|KMulilures  rosi^  by  71  piMciMil 
l)(4wiHMi  1979  and  I9S9.  Ovu'  Ihe  sanu^  period,  the  num- 
ber of  academic  iloctoral  r(^si^arcluM*s  rosc^  T)!  perciiU. 

FRIC 


Corrt^spondin^ly.  inflation-adjusttKl  spendinj^  \)vr  aca- 
d(Mnic  Ph.I).-U^V(*l  rt^st^archer  also  increast^d:  up  by  12 
p(Mcent.  from  $82.H7()  to  $9:^.890.  Thv  incrt^ased  trcMid  in 
sptMidinji  per  rest^areher  is  similar  to  a  rist^  in  (education 
and  I'elaled  spending  (in  constant  dollars)  per  student. 

Outputs  of  Academic  R&D:  Scientific 
Publications  and  Patents 

The  primary  output  of  university  research  is  new 
knowledj^e,  which  is  difficult  to  conct^ptualixe  and  mt^a- 
sur(\  An  imperfect  measure  of  kn()wUHlji(\  publication 
counts,  is  reported  here;  these  counts  are  based  on  a 
fixi^d  s(4  of  prominent  U.S.  and  fortMjin  journals.-' 
AnotluM'  indicator  discussed  in  this  section  is  patents 
awarded  to  U.S.  universities.-- 

World  Literature  in  K^y  Journals 

U.S.  Share.  U.S.  acadc^niic  institutions  continue  to 
produce  a  substantial  share  of  the  world's  new  S&K 
knowU^dKc.  hi  1987.  publications  of  auUiors  at  U.S.  insti- 
tutions accounted  for  36  percent  of  world  publications  in 


'Till'  piiljlicalioii  rounls  dala  usi*(l  in  lliis  sivlioii  do  iioi  nicasun* 
l<ilal  world  oiilpul  voluim-.  Instead,  llu'V  art'  based  on  rou^^hly 
Uriiniail  journals  iracki-d  by  llie  Insiiiuie  of  Scieniino  Inlonnaiion  in 
Philadi'lphia.  ll  is  mudear  wlial  share  ol  die  lolal  world  SiV:M  puhliea- 
lions  diis  si'l  ol  journals  represents.  Dala  before  were  based  on  a 
sniallir  si'l  of  journal^,  and  diseonlinuilies  in  some  U'ends  at  that  lime 
iirobably  are  dui'  lo  Ibis  cban^^e. 

Si'e  chapter  I).  "Pati-nted  Inventions."  p.  MT.  for  a  discussion  of  the 
limitations  of  patents  data. 


Figure  5-12. 

Academic  science  and  engineering  doctoral 
researchers  who  reported  U.S.  Government  support 


By  years  since  Ph.D. 


By  field 
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Graduate  Students  in  Academic  R&D 


In  1989,  a  record  proportion — ptM'ctMU — of  the 
KrowinK  '  iniber  of  fiilMiine  S&K  graduate  students 
was  suppoi  f*d  by  research  assistantships.  (See  fiKun* 
5-13.)  Between  1979  and  19H9,  the  total  number  of  full- 
time  S&K  Ki'^»(biale  students  increased  23  percent 
(from  233,089  to  286,619)  while  the  number  whose  pri- 
mary  source  of  support  was  a  research  assistantship 
rose  by  61  percent  (from  49,118  to  79,151).  As  a  result, 
the  percentage  of  all  fulkime  S&H  graduate  students 
supported  by  research  assistantships  increased  from 
21  percent  in  1979  to  28  percent  in  1989. 

Since  1972,  the  Federal  (lovernment  has  provided 
research  assistantships  to  an  increasing  number — but 
roughly  stable  proportion — of  all  fulMinie  graduate  stu- 
dents (about  38,()()()  or  13  percent  in  1989).  However, 
both  the  number  and  proportion  of  non-federally  sup- 
ported research  assistantships  have  increased  over  the* 
period.  This  increase  was  particularly  notable  during 
the  198()s:  The  number  of  non-federally  supported 
research  assistantships  increased  from  21,000  in  1979 
to  41,()()()  in  1989.  or  from  9  to  14  percent  of  all  full-time 
S&IC  graduate  students.  (See  appendix  table  5-25.) 

The  physical  and  enviromnental  sciences  and  engi- 
iKH^ring  have  the  highest  proportions  of  graduate  stu- 
dents with  research  assistantships  (between  38  and  43 
perc(*nl),  followed  by  the  life  sciences  (30  percent). 
These  four  areas  also  (experienced  the  sti'ongest  1979-89 
increases  in  proportions  of  students  supported.  In  the 
mathematical  and  computer  sciences,  and  in  psychology 
and  the  social  sciences,  20  percent  or  fewer  of  graduate 
students  had  rest^arch  assistantships,  and  increases  in 
the  proportions  so  supported  were  low.  (See  appendix 
table  5-2.5;  for  mon*  information  on  graduate  student 


Figure  5-13, 

Full-time  science  and  engineering  graduate 
students  with  research  assistantships,  by  field 

Percent 
50  r 


40 


30 


20 


10 


Physical  sciences 


/ 


Environmental 
J     sciences  ^ 


Engineerings^  -  y' 


\^l-ife  sciences 

V  — 


Mathematical/computer 
sciences 


^1972  1976  1980  1984  1988 


NOTE:  Data  for  1978  are  estimated 

See  appendix  table  5*25.    Science  &  Engineering  Indicators  -1991 


support,  see  chapter  2,  ''Support  of  S&K  (Jraduate 
Students,"  p.  57.) 


Sc'^rH.  This  figun*  has  been  steady  since  IDHl,  following  a 
modc^sl  decline  in  the  U)7()s.  (See  appendix  table  5-2(\) 

In  all  fi(*l(ls.  llu*  U.S.  share  ol*  world  publications 
exceeds  thai  ol  any  other  counliy.  In  1})K7,  llu^  I'niled 
States  produced 

•  22  p(M*c(Mil  of  llu^  world  lileralun^  in  chemistry^ 

•  'M)  percent  ol  physics  publications,  and 

•  Hdween  :)7  and  i:i  percent  ol  the  litiM'alure  in  the 
other  major  lu^lds. 

Not  all  fields  have  maintained  their  shari»  of  the 
world's  production  sinct^  1981.  allhoiiuh  shifts  ihrouKh 
11)87  hav(*  not  (^xcirded  !>  p(M*ctMila)^e  |)oinls.  Since  11)81, 
the  r.S.  sharc^  of  papiM's  in  this  set  of  joiu'nals  has  beeti 
steady  in  earth  and  space  sciences;  incrt^ased  in  chenv 
isiry,  physics,  and  malluMualics;  and  detained  in  the 
bionu^dical  and  biological  sciences  and  in  enuineerinu 
and  technology.  (Sec  appendix  table  5-21).) 


Foreign  Country  Shares.  The  Tniied  States  coniin- 
nvs  to  dominate*  the  publications  output  in  the  roughly 
;i,2()()  journals  covcm'cmI  her(\  Coniribalions  from  T.S.- 
bascMl  authors  accoimled  for  *M^  p(M'cenl  of  the  total  in 
11)87;  authors  in  all  Kinopean  Conununily  countries 
louelher  accounted  for  another  2()  percent.  The  I'nited 
Kingdom.  \Vt*sl  and  Kasl  (iermany  (combiiUMl).  the 
rSSU.  and  Japan  each  accounted  for  7  to  8  percent; 
France  for  5  percent:  and  Canada  for  1  pcMVenl.  (See 
appendix  table*  5-27  and  figure*  0-18  in  ()vei\'iew,) 

Patents  Awarded  to  U.S.  Universities 

The  rectMil  marked  increase  in  university  palenlinu  is 
an  indicator  of  the  expanding  role  played  by  academic 
R^KiD  in  lechnolo.t^y  devt^lopnuMil.  Tlu*  nmnber  of  patents 
awardi'd  to  I'.S.  universities  increastnl  sharply  din'in.y 
the*  ll)8()s  compared  to  the  ll)7()s.  (See  tiumv  .VIT)  This 
increase  was  due  in  part  to  a  11)80  change  in  I'.S.  patent 
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Figure  5-14. 

Patents  granted  to  U.S*  universities  and  colleges 
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law  that  allows  academic  iiislilulions  aiul  small  busi- 
nesses to  iH^taiii  title  to  inventions  resultiiij;  from  federal- 
ly supported  K&I).  In  1990.  U.S.  universities  received  2A 
percent  of  all  U.S.  orisin  patents,  up  from  1.0  percent  a 
(leca(l(*  eai1itM\ 

University  patcMitins  incivased  particularly  rapidly  dur- 
inK  the  second  half  of  the  1980s.  In  fact,  22  percent  of  a" 
patents  issued  to  U.S.  academic  institutions  since  19()9 
were  awarded  in  1989-90.  The  sti'onfj^'st  relative  fji'^jvvth 
occurred  in  health-  and  bioniedical-related  areas,  which 
I'ose  from  \2  percent  of  all  academic  patents  in  the  early 
1970s  to  24  percent  in  the  late  198()s.  Cheniistiy  (includ- 
iiiK  insti'unients  and  processes)  also  experienced  a  ivla- 
tive  Ki'owth  spurt,  rising  from  to  '.50  peivent  over  the 
same  ptM'iod.  Concurrently,  areas  of  electi'ical-  and  elec- 


tronic-related technoloKi^'s  (including  data  and  informa- 
tion processing)  dropped  from  24  to  1()  percent  of  total 
academic  patents.  (See  appendix  table  r>28.) 

Ihe  largest  research  universities  account  for  a  larjjc 
and  Ki'^wiiifj  share  of  all  academic  |)atents.  Anions  the 
100  largest  res(*arch  universities,  only  04  wei  award(*(l 
aiiy  patents  during  the  19()9-7[)  p(Ti()d;  89  received 
patents  during  198(>90.  (See  figure  5-15.)  Over  the  same 
period,  patents  awarded  to  the  100  largest  rt^search  uni- 
versities rose  from  below  75  percent  of  all  academic 
patents  to  about  85  percent.  (See  figure  5-15.) 


Figure  5-15. 

Patents  awarded  to  top  100  academic  research 
performers 
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Technolociy  and  Global  Competitiveness 

HIGHLIGHTS 


The  Global  Markets  for  U.S.  Technology 

•  During  the  1980s,  the  United  States  was  consis- 
tently the  leading  supplier  of  high-tech  products 
in  the  global  marketplace.  However,  its  lead  posi- 
tion declined  from  a  4()-i)ercent  share  in  1980  to  a  [M- 
percent  share  in  1988.  Japan  and,  to  a  lesser  (»xt(MU» 
the  United  Kingdom  increased  tluMr  global  market 
shares  during  this  period.  See  p.  136. 

•  The  market  competitiveness  of  U,S,  high-tech 
industries  varies  by  industry.  Of  the  seven  indus- 
tries that  form  the  higii  tech  grouping,  three  U.S. 
industries — those  producing  scientific  instruments, 
drugs  and  Uiv^dicines.  and  aircraft — gained  global 
market  share  during  the  198()s.  Kstimates  for  1989-90 
show  only  {he  instalments  industry  continuing  to  gain 
market  share.  See  p.  137. 

•  Demand  for  high-tech  products  in  the  home  mai  - 
kets  of  all  industrialized  countries  was  in- 
creasingly met  by  foreign  suppliers  during  the 
eighties,  hnport  penetration  of  U.S.  high-tech  markets 
was  de(»pest  in  the  computer  industry.  Japan  is  still  the 
most  self-reliant  among  the  major  industriali/ed  coun- 
tries, followed  by  the  United  States.  See  p.  138. 

•  During  the  198()s,  the  United  States  maintained 
a  consistent  trade  surplus  in  high-tech  manufac- 
tures and  ran  consistent  deficits  in  other  manu- 
factures, llie  si/e  of  this  suiplus  is  deelining,  howevtM': 
Hie  U.S.  1988  trade  sun;lus  in  high-t(*ch  manufactures 
was  half  the  value  of  the  1980  trade  sun)lvis.  Seep.  140. 

Industrial  R&D 

•  In  all  industrialized  countries,  the  industrial  sec- 
tor is  the  leading  performer  of  R&D,  Kxcept  foi' 
I'Vanc(\  the  share  of  national  Kisil)  performed  in  the 
industrial  sector  of  these  countries  grew.  Japan  and 
West  (iiM'many  showed  die  largest  shifts  to  the  indus- 
trial sector  between  1975  and  1988.  See  p.  142. 

•  Private  industry  is  the  source  of  50  percent  of  all 
funds  spent  for  R&D  in  the  United  States.  In  1988, 
Japan  and  W(»st  (i(M'niany  had  considerably  larg(»r 
sluires  of  their  national  K&D  coming  from  private 
sources,  70  and     percent,  r(*spectively.  See  p.  143. 

•  U,S.  expenditures  for  industrial  R&D  nearly 
tripled  during  the  198()s  in  current  dollars. 

However,  th(*  rate  of  growth  slowed  eonsidcTably  dur- 
ing 1984-89.  in  inflation-adjusted  dollars.  1989  industrial 
K&I)  expenditure^^  declined  for  the  first  time  since 
1975.  Estimates  for  1990  and  1991  show  this  decline 
continuing.     A  143. 


•  During  the  early  1980s,  a  renewed  emphasis  on 
defense  spending  led  Federal  funding  of  industrial 
R&D  to  grow  at  a  faster  rate  than  private  funding, 
reversing  the  pattern  set  during  the  two  previous 
decades.  Since  1987,  however,  the  ti'end  has  revcMled 
to  the  earlier  pattern,  with  private  financing  again  out- 
I)acing  Federal  support.  See  p.  144. 

•  Company-financed  R&D  performed  outside  the 
United  States  increased  but  at  a  sknver  pace  than 
that  performed  domestically  during  the  first  half  of 
the  1980s;  it  increased  at  a  faster  rate  during  the 
late  eighties,  U.S.  chemical  and  transportation  indus- 
tri(»s  had  the  highest  levels  of  Rc^D  performed  over- 
seas. See  p.  146. 

Patented  Inventions 

•  The  number  of  U,S.  patents  granted  to  Amer- 
icans  has  reversed  its  decline  and  has  been 
increasing  since  1983,  I'oreign  patenting  trends  in 
the  United  States  generally  followc^d  the  U.S.  trend, 
although  the  number  of  foreign-origin  patents  granted 
declined  somewhat  s1ow(M'  during  1976-83  and 
inci'eased  somewhat  faster  after  19811  See  p.  147. 

•  Foreign  patenting  in  the  United  States  is  highly 
concentrated  by  country  of  origin,  hiv(Mitors  from 
th(*  Kui'opean  Community  and  Japan  account  for  80  pei- 
cent  of  all  foreign-origin  U.S.  patents.  Newly  industrial- 
ized counti'ies,  in  particular  Taiwan  and  South  Korea, 
di'amatically  increased  dieir  patent  activity  in  the  United 
States  during  the  last  half  of  the  198()s.  See  p.  147. 

•  The  patenting  emphases  of  U.S,  and  Japanese 
inventors  are  reversed  foi'  many  technology  fields, 

Japanese  iiwentors  patent  primarily  in  photocopying, 
photography,  dynamic  information  storage  and 
retrieval,  television,  and  motor  vehicles.  U.S.  iiwen- 
tors tend  to  be  l(*ast  active  in  th(»se  fields,  but  empha- 
size biochemistry,  petroleum,  and  communication 
d(^vic(»s — [hv  first  two  of  which  are  least  emphasized 
classes  for  the  Japanese.  See  p.  150. 

•  Americans  actively  patent  their  inventions  around 
the  world,  hi  1989,  countric^s  in  which  U.S.  inventors 
received  more  patents  than  otlier  fortMgn  inventors 
included  Japan,  West  (iermany,  {hv  United  Kingdom, 
Mexico,  Brazil,  and  hulia.  See  p.  150. 

Industrial  Use  of  Technology 

•  Seven  out  of  ten  U.S.  establishments  surveyed  use 
at  least  one  advanced  technology^  in  their  manufac- 
turing operations.  Uu'ger  plants  and  those  producing 
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higher  priced  products  are  more  likely  to  use 
advanced  technologies.  See  p.  154. 

•  The  most  commonly  used  advanced  technolojjy  in 
U.S.  manufacturing  is  the  numerically  controlled 
machine;  this  is  followed  closely  by  computer- 
aided  design  and  engineering  technology.  See 

A  155. 

Small  High-Tech  Business 

•  High-tech  business  startups  declined  sharply  in  the 
second  half  of  the  1980s,  following  tremendous 
growth  during  1975-84.  Companies  involved  in 
advanced  materials  and  photonics  and  optics  fields 
exhibited  relative  share  growth  during  the  latter  half 
of  the  eighties.  See  p.  157. 

•  Over  65  percent  of  new  high-tech  companies  are 
located  in  10  states*  Yet  compared  to  just  2  years 
ago,  the  distribution  appears  to  be  leveling  off  with  the 


top  three  states— California,  Massachusetts,  and  New 
York — all  experiencing  share  declines.  See  p.  157. 

•  Approximately  1 1  percent  of  small  high-tech  com- 
panies are  foreign-owned— up  from  9  percent  2 
years  ago.  The  United  Kingdom  is  the  largest  for- 
eign holder  of  U.S.  high-tech  companies,  followed  by 
Japan  and  West  Germany.  See  p.  158. 

Emerging  Technologies 

•  A  U.S.  Government  assessment  of  world  leader- 
ship in  12  emeiiging  technologies  ranks  die  United 
States  as  the  leader  in  5:  artificial  intelligence, 
biotechnology,  high-performance  computing,  medical 
devices  and  diagnostics,  and  sensor  technology;  the 
United  States  trails  Europe  and  Japan  in  just  one  area — 
digital  imaging  technology.  By  2000,  however,  the 
United  States  is  expected  to  have  its  leadership  posi- 
tion challenged  in  all  five  technologies.  See  p.  160. 


Introduction 

Chapter  Focus 

The  United  Slates  has  long  bei^i  considiM'i^d  a  liwlcM' 
in  research  and  development  (R&D),  technology,  and 
innovation.  Standing  at  the  fon^front  of  technology  and 
swil'tly  incorporating  that  technology  into  the  countrv^'s 
industrial  base  contributed  to  a  robust  economy  that  pro- 
vided Americans  an  enviable*  standard  of  living.  (See  fig- 
ure (>1.) 

In  the*  19«()s.  however.  U.S.  leadership  of  the  global 
economy  was  challiMigcHl  as  japan.  West  (uM'many, 
and — more  recently — certain  newly  industriali/cc^d  coun- 
tries grew  to  be  c*(|ual  and  increasingly  supeiior  competi- 
tors ill  several  U.S.-dominated  marki^ts.  Contributing  to 
the  crononiic  success  of  thirst*  nations  have  been  largt* 
iiw(*slments  in  KSzl)  coupled  with  the  development  of  an 
infrastructure*  that  facilitates  the  incorporation  and  use  of 
new  technologic^s  within  their  industrial  sectors. 
Competition  from  the  newly  industrialiml  countries  is 
expcrted  to  int(*nsify  duiing  the  199()s  as  tlu*y  incri*as- 
ingly  undertake  new  product  development  (see  Porter 
and  Koessner  1991  and  Balk  1991). 

The  reci*iit  U.S.  ttrlmology  policy  articulati*d  by  thi* 
President's  Office  of  Science  and  Technology  Policy 
emphasi/i*s  tin*  connection  betwei*n  a  strong  scicMice 
and  lechn()loK7  (S<ScT)  bast*  and  future  economic  growth 
(see  OSTP  1990).  The  developnu^nt  and  dc^ployment  of 
new  technologv'  within  the  U.S.  industrial  sector  is  seen 
as  VriticaV'  for  the  Uniti^d  States  to  prosper*  in  th(*  global 
competition  of  the  nini^ties  and  bc^yond  (sec*  National 
Critical  Technologit's  Panel  1991),  Although  there  iwv 
many  othc»r  factors  that  det(*rminc*  a  nation's  ability  to 
compc^te  in  the  global  marki*tplace,  this  chapter*  locusc*s 


on  trc*ncis  in  industrial  R&I)  and  technology  and  the  mar- 
ket competitiveness  of  U.S.  high-technology  products.^ 


As  n)in|H'iiii(Mi  in  llu'  ^U)\)ii\  niurkclpliu**'  inU'iisifics.  the  lactors  inllu- 
riK*iim  a  natioirs  (rononiii*  coniiu'liliviiu'ss  nuillii)ly.  Several  nl  llicsc 
laclors  iiidiulf  llir  (liHiM'inu  iialioiuil  siandanls  addrrssinj:  the  environ- 
nu'nl.  worker  •safely,  producl  inle>:rily,  and  worker  coinpensalion. 
Another  sudi  laelor  ol  ^rowin^:  onu*ern  is  the  ((iialiiy  ol  a  nation's  edu- 
cation system  and  its  ability  to  train  a  workforce  that  can  operate  the 
new  pianutacturiri>:  technolo>:ies. 


Figure  6-1. 

Real  gross  domestic  product  per  capita 
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See  appendix  table  6-1. 
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Chapter  Organization 

Tht»  chapter  opens  with  a  discussion  of  the  RhArdl 
competitiveness,  in  both  foreign  and  domestic  markets, 
of  manufactured  products  that  incoiporate  hi^h  levels  of 
R&I).  New  data  on  royalties,  fees,  and  technolo^^  agree- 
ments are  used  to  amnc  U.S.  competitiveness  in  terms 
of  intauKible  (intellectual)  property  and  technological 
know-how. 

The  second  section  describes  trends  in  industrial 
fundinK  and  performance  of  K&I),  focusing  particularly 
on  the  hi^h-tech  manufacturing  sector  as  it  compares 
with  other  sectors  of  the  U.S.  economy.  A  discussion  of 
patent  activity  follows  which  describes  trends  in  U.S.  and 
foreiKH  activity  in  the  United  States,  technolof^y  field  and 
industr>^  citation  rates,  and  trends  in  foreign  countries. 
Next,  information  gained  from  a  new  Census  Bureau 
survey  is  presented  on  the  industrial  sector's  use  of 
advanced  technologies  in  nianufactiirinK  operations. 

The  role  of  small  business  in  hiKlvtechn()l())s7  indus- 
tries is  exi)l()red  next,  primarily  through  new  information 
on  the  technology  areas  that  seem  to  attract  new  busi- 
ness formations,  generate  enipk)yment  and  export  activi- 
ty, and  attract  foreign  cai)ital.  Sources  of  startup  funding 
for  small  business  an*  also  discussed. 

The  final  section  k)()ks  at  the  future  in  HkIU  of  recent 
U.S.  policy  statements  that  tacitly  acknowledge  [hv  con- 
nections  between  technolo^,  iiuhistiy,  and  U.S.  compet- 
itiveness. A  discussion  of  the  U.S.  position  in  several 
important  technology  areas  vis-a-vis  J aoan  and  Kurope  is 
included. 

The  Global  Markets  for  U.S.  Technology 

The  market  competitiveness  of  a  nation's  technologi- 
cal advances,  as  embodied  in  new  products  and  pro- 
ct»sses,  can  seive  as  an  indicator  of  the  er^ectiveness  of 
that  country's  Si<:T  system.  The  marketplace  thereby 
provides  a  commercial-based  evaluation  of  a  countiy's 
science  and  technoloKV. 

In  the  United  States,  two  parallel  dev(»l()pments~the 
Krowin}^  imiK)rt  penetration  of  the  U.S.  domestic  market 
and  the  lar^e  U.S.  trade*  deficits  of  rt»cent  years— have 
drawn  attention  to  the  country^s  ability  to  compete  in  an 
increasiuKly  international  economy,  hi  particular,  the 
rectMit  erosion  of  U.S.  comi.)etitiveiu»ss  in  hiKh-technol- 
ofjy  product  markets  has  led  policymakers  to  examine 
the  role  of  the  Nation's  ScV:T  in  supporting  and  restoring 
U.S.  leadtM'ship  in  th(»  global  marketplac(\ 

The  fastest  ^rowin^r  industries  in  the  United  States  are 
predominantly  hifih-tech  ones  {see  ITA  1991,  p.  U\ 
tables  4  and  T)).  HiKh-tech  industries  generally 

•  hivest  nioi'e  heavily  in  niamifacturiiiK  technology 
than  do  other  manufacturing  industries,  and 

•  Support  hi^^her  compensation  to  the  production 
workers  employed. '  (See  text  tabU*  (>1.) 

I'or  nii»rfc\t(Misivt'  dntii  on  avmij^^c  (>;iniinj^s.  scr  BI.S  (1^)^)1)  and 
Uadlnck.  Hcrkrr.  and  (iaiinon  (UM)1). 
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Consequently,  hiKh-tech  manufactures  have  beeonu* 
an  important  component  of  the  U.S.  ki'oss  economic 
output  and  thereby  of  the  U.S.  standard  of  living. 

This  section  discusses  U.S.  ^'competitiveness,"  broadly 
defined  as  the  ability  of  U.S.  firms  to  sell  products  in  the 
marketplace.  The  concept  of  a  nation  s  global  competi- 
tiveness incori)C)rates  both  its  ability  to  export  and  com- 
pete against  imports  in  the  home  market.  The  analysis  in 
this  section  relies  heavily  on  data  compiled  by  the 
Organisation  for  Economic  Cooperation  and  Devel- 
opment (OrXD)  and  thr  U.S.  Department  of  Commerce 
(DOC).^ 

Throughout  this  section,  industiy-level  data  are  pre- 
sented for  manufactured  Koods  disaKKrefjated  by  (1) 
diose  industries  producing  products  that  embody  above 
average  levels  of  R&D  in  their  deveh)pment  {hereafter 
n»ftM*red  to  as  the  high-technology  industries)  and  (2)  all 
other  manufacturing  industries.' 

The  Global  Market 

Hie  global  market  for  high-tech  manufactured  goods 
is  growing  at  a  faster  rate  Uian  that  for  other  maimfac- 
tunul  goods,  hi  constant  dollar  terms  (1980).  global  pro- 
duction by  high-tech  industries  nearly  doubled  from 
1980  to  1988,  while  production  in  other  manufactering 
industries  grew  by  just  1()  percent. '  {See  appendix  table 
6-2.)  Output  by  high-tech  industries  represented  25 


Tilt'  Ol'X'D  nicnibrr  connlrics  arcouiil  lor  ovrr  Tf)  pcivcnl  ()l\d()l)- 
al  t'xporls  of  nianulaclun^d  K'<>*>ds  and  airoinil  lor  an  even  lii^luM- 
pcrrcntaKn'  ol  ovrrall  exports  of  liiKdi-lcclniolo^^  ^^jods  (ITA  UlS.^j.  p. 
\\\).  Tilt'  Jf)  i-ounlrii's  rfporlin^'  to  Ol-iCD  art'  Anslralia.  .'\usiria.  Ud- 
KMunl/I.nxtMllbourK^  Canada.  DtMiniark.  Finland.  Kranrt".  Cirfcct\ 
Irtdanti.  Irtdand.  Italy.  Japan.  Tlif  Nftlu'ilands.  New  /t'aland. 
Norway.  Portii^^al.  Spain.  Swt'Oin.  'V.vit/frland.  Turkt'y.  tlif  Tnitcd 
Kinjs'doni.  the  I'nitotl  Stalt'S.  Wost  (ii-rniany.  and  Yu^^oslavia 
(VuK^oslavia  partiiMpatt'S  in  OKCI)  with  a  sptrial  status). 

.Mtlion^di  tlio  oi'X'I)  (lata  srt  docs  not  include  several  nations  of 
inereasin^'  inip«)rtance  in  teelinolo^'y  markets — most  notably,  the 
Mast  .Asian  newly  indnstriali/ed  eountries— it  tloes  provide  a  reason- 
able appnjxiniatitni  of  j^lobal  eonnnereial  activity. 

'I-*or  purposes  of  ibis  analysis,  tlie  followin^^  industries  make  up  tlie 
liiKdi-tecb  cateK'or>'  (international  Standard  Industrial  e  lassificatioii— 
!SIC— codes  are  in  parentheses): 

•  Industrial  chemicals  (ISIC  ll.'')!). 

•  DniK's  «md  medicines  (ISIC  ''M'l). 

•  I'inKdnes  and  turbiiu's  (ISIC:mSLM). 

•  Office  and  coniputiiij^  niachineiy  (ISIC  li.Slif)). 

•  Coninumication  equipment  (ISIC  iU'i^). 

•  Aerospace  (ISIC  iiSlT)).  and 

•  Scientific  instruments  (ISIC  llSf)). 

'Ilie  cateK'ori/ation  used  here  is  more  restrictive  than  the  DepaHment  of 
Commerce's  I)()C-:i  liiKdi-technoloK'y  l  ate^^oiy  which  includes  "space 
teclinoloKMes*'  and  ordnance.  See  ITA  (l!)s:»).  Ilie  other  manulaclurinK 
cate^^oiy  does  not  include  a^aiculture  or  semces. 

*I*he  conversion  into  lonstant  U)cS()  dollars  is  dtnie  in  two  steps; 
L  IVoduct-specific  price  t^baiiK^es  are  rtMUoved  by  dellatinK'  the  cur- 
rent dollar  series  foi"  each  pnKhtct  cate^^ory  (tor  all  countries) 
usiiiK  tlie  pritH'  index  iVM)  1.0)  for  the  corresijontlin^^  industiy 
in  Data  Resources.  Inc./Mc(lrawdliirs  i:'»(l-sectt)r  inter-induslry 
model  of  the  T.S.  economy. 
2.  All  prodiu'tion  series  lor  a  ^'iven  coimlry  are  nudtii)lied  by  the 
ratio  of  the  I  .S.  j^ross  national  product  dedator  to  the  ^nt^ss 
tlonieslic  produi  l  dellator  of  that  countiy  to  adjust  lor  tlilferences 
in  the  j^eiieral  rate  of  inllation. 
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ptMwnt  of  ii\o\yd\  production  of  all  manufactured  ^oods 
in  19««.  up  from  17  p(Mr(Mit  in  1980, 

DurinK  the  198()s,  the  United  States  reigned  as  the 
leading  producer  of  hi^h-tech  products,  although  its  le»ad 
was— and  continues  to  be— challenKed,  primarily  by 
Japanese  industry.  (S(»e  api)endix  table  (wJ.)  While  th(» 
U.S.  share  of  Klobal  shipments  of  hiKlHech  manufactures 
declined  from  40  percent  in  to  'M  percent  in  1988. 
Japan  s  market  share  incrt^ased  fiom  18  to  27  percent, 
Estimates  for  1989  and  1990  indicate  a  continued  decline 
in  U.S.  market  share,"  Kuropean  producers  (those  in  the 
12  countries  of  the  Kuropean  Community— KC)  also 
experienced  a  decline  in  hiKh-tech  fjk^bal  market  share 
duriuK  the  198()s.  A  notable  exception  anions  the  KC 
countries  was  the  United  Kingdom,  which  increased  its 
market  share  slightly  during  diis  period.  (See  tl^nu-e  (>2.) 

In  the  increasingly  competitive  environment  of  the 
1980s,  the  United  States,  Japan,  and  Kurope  moved 
resources  towaitl  the  manufacture  of  higher  value,  tech- 
noloKV-intensive  fjo^nls  and  away  from  moi'e  labor-inten- 
sive manufactures.  In  1988,  U.S.  hifih-tech  manufactures 
represented  29  percent  of  total  U.S.  production  of  manufac- 
tured output,  up  from  20  percent  in  1980.  HiKh-ttvh  manu- 
factures accounted  foi*  21  piTcent  of  Kurop(»s  total  produc- 
tion in  1988.  compared  with  16  percent  in  1980.  (See 


'Kslimalfs  for  U)89  and  UHK)  were  provided  by  Dala  Kesourcvs. 
Inc/MKiraw-HilL 


Text  table  6«-1, 

Capital  expenditures  and  wages,  by  industry:  1988 

Capital 

expenditures  per  Average 
Industry  and  SIC  code      production  worker        i. »ly  wage 

High-tech  manufacturing 

Space  propulsion,  3764 ,  .  ,  $16,642  $17,25 

Aircraft,  3721    7,296  16,01 

Chemicals,  28   22,650  13.20 

Computers,  3571    20.581  1075 

Other  manufacturing 

Furniture,  251    1.318  7.33 

Footwear,  314    642  6.11 

Apparel,  23   720  6.35 

SOURCE:  International  Trade  Administration.  Department  of 
Commerce,  1991  U.S.  Industrial  Outlook,  (Washington,  DC;  DOC. 
1991). 
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appondix  tabic  (>4.)  But  ti>v'  Japanese  economy  made  the 
Kn*atest  leap  forwaixl  in  this  resp(vt»  virtually  pulling  ev(Mi 
with  the  United  States  in  1984  and  sun)assinK  it  by  1987. 

The  market  competitiveness  of  individual  U.S.  high- 
tech industries  varies.  (See  figure        Of  the  seven 


Figure  6-2, 
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Figure  6-3. 

U.S.  global  market  share,  by  high-tech  industry 
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industries  that  form  [hv  hifjli-tecli  fji'^tipinK.  tlirru  U.S. 
industries — th()S(^  producing  scientific  iiistriiincnts,  driij^s 
and  medicines,  and  ain^nift — fj^iined  jtjlobal  market  shai't^ 
durinK  the  198()s.  Kstimates  for  these  same  industries  for 
1989-90  show  only  one,  scientific  instruments,  continuing 
to  sain  i^hh'A  markd  share.  Kstimates  for  the  U.S.  aircraft 
industiy  dw  far  k^ss  optimistic;  they  suKK^^st  a  loss  of  mar- 
ked share,  primarily  to  Kuropean  aircraft  i)r()ducers. 

The  Home  Market 

A  country's  home  market  is  often  thought  of  as  llu^ 
natural  destination  for  its  manufactured  output.  For  obvi- 
ous n^asons — including  proximity  to  the  customer  and 
common  lanKua^e,  customs,  and  ciurency — marketing 
at  honi(^  is  easier  than  marketing  abroad. 

Hut  in  today  s  iJf}ohii\  marketplac(\  the  most  eompeti- 
tivt^  product  in  terms  of  price,  quality,  and  ability  to  sat- 
isfy the  customer  s  needs  wins  the  sale — regardless  of 
its  origin.  Thus,  in  the  absence  of  prohibitive  trade  bar- 
ri(M*s,  the  intensity  of  competition  faced  by  domestic 
productM's  in  their  home  market  can  approach  and 
ev(Mi  exceed  the  lev«^l  of  competition  fac(^d  in  foriM^n 
markets.  (iivt»n  the  lar^c  sixe  and  appetite  of  the  U\S. 
market,  examination  of  U.S.  competitiveness  at  honu^ 
is  critical  to  an  understanding  of  the  country's  global 
competitiveness. 

Import  Penetration:  High-Tech  Markets.  Din  ing 

the  198()s,  d(Mnan(i  for  hish-tc^ch  products  in  th(^  home* 
mark(»ts  of  the  major  OKUl)  industrializcMl  count!*i(^s 
was  increasingly  iiut  by  foreign  suppliers.  (S(h*  figure 


(>4J  hnports  supplied  about  8  percent  of  U.S.  purchas- 
(^s  of  hish-tech  products  in  1980;  by  1988,  this  percent- 
age had  risen  to  IT)  percent.  Kuropean  economies  are 
more  heavily  dependent  on  foreign  technok)Ki(^s  than  is 
the  United  Staters.  For  example,  in  1980,  imports  sup- 
plied 29  perc(Mit  of  th(*  Unitc^d  Kingdom's  domestic  con- 
sumption of  high-tech  manufactures;  by  1988,  the 
impt)rt  share  rose  to  !^)9  percent.  West  (iermany  import- 
ed 2r)  percent  of  its  high-tech  product  needs  in  1980 
and  Uf)  percent  in  1988.' 

The  Japanese  home  market,  historically  the  most  self- 
reliant,  also  increased  its  purchases  of  foreign  technolo- 
gies during  the  1980s — but  only  during  the  latter  half  of 
the  decade.  From  1980  to  1985,  imports  of  high-tech  man- 
ufactures fluctuated  around  6. 15  percent  of  Japanese 
domestic  consumption.  Hy  1986,  th(*se  imports  rose  to 
8.4  percent  [ind  to  8.8  percent  by  1988.  Kstimates  for  1989 
and  1990  suggest  a  continuation  of  this  upward  trend. 

Import  Penetration:  Japanese  and  U.S.  Home  Mar- 
kets, by  Industry.  Both  the  U.S.  and  Japanese  domestic 
markets  are  becoming  increasingly  internationalixed  in 
all  high-tech  industries.  (See  figure  For  example, 
during  the  1980s,  the  U^S.  computer  industiy  experi- 
enced the  greatest  rate  of  increase  in  import  competition 
from  other  industrialixed  countries,  especially  Japan."^ 
Foreign  suppliers  made  significant  gains  in  several  high- 
tech industries  in  Japan;  however,  these  industries  tended 


Tlirouj^liDUl  lliis  rhitplcr,  data  tor  (Ici'maiiy  arc  iuv  West  (jcrniany 
aloiu'  and  do  tiol  include  llic  lornicr  \\i\s\  (ierniaiiy. 

'Iiifonnalion  on  llu'  source  ot  imports  is  derived  from  produci-level 
trade  data. 


Figure  6-4. 
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to  he  product  areas  in  wliidi  Japatu^sr  iiulusliy  lias  yvi 
to  assert  itsHf.  In  fact,  ihv  Japant^se  iiicn^asc  in  imports 
of  IKS. -made  aircraft  and  engines  may  very  \v(»ll  be 
linked  to  recent  Japanese*  efforts  to  develop  its  own 
aiM-ospace  industiy  (see  ITA  1991,  |).  22-9). 

Overseas  Markets  for  High-Tech  Products 

Historically,  the  llniti^d  States  has  not  be(Mi  an  t^conomy 
oriented  toward  semnfj  foreign  markt^ts.  The  sheei*  size  of 
the  U.S.  economy  provided  the  U.S.  business  community 
with  larjje  markets  that  supported  its  operations  and 
typically  accommodated  most  of  its  fji'^wth.  In  fact, 
exports  account  for  a  smallcM'  proportion  of  manufacture 
(Ts'  shipments  in  the  United  States  than  in  any  other 
industrialized  economy.  Consequently,  in  tht*  past  U.S. 
commerce  K^Mierally  had  relativt^ly  little  need  or  incen- 
tive to  investiKate  overseas  markets  {see  Council  of  Eco- 
nomic Advis(M's  1989.  pp.  2;M-:)H).  The  mounting  trade 
deficits  of  the  19H()s  chaiiK^^^d  this  situation,  inciting  con- 
cern about  the  lu^ed  to  expand  U.S.  exports. 

The  followiiifj;  discussion  examines  trends  in  saU*s  of 
U.S.  hiKh-tech  manufactures  outsidt*  the  United  States. 
These  trends  in  U.S.  competitiveness  are  analyzed  in  two 
ways.  The  broader  view  of  U.S.  competitiveness  outside 
the  United  States  is  fjiven  by  the  U.S.  share  of  foreign 
markets.  The  discussion  of  this  topic  examines  U.S.  pro- 
ducers' experience  in  compeliiifj  against  both  foreign 
producers  and  otluM*  countries'  domestic  producers  over- 
st*as.''  The  U^S.  share  of  export  markets  is  examined  next; 
this  measures  U.S.  productM's'  experience  in  competing 
against  foreign  producers  in  foreign  markets. 

Foreign  Markets.  Despite  their  domestic  focus.  U.S. 
producers  are  important  suppliers  of  high-tech  products  in 
ovtTseas  markets.  Still,  the  19H0s  proved  to  be  a  challeng- 
ing time  for  them,  as  their  share  of  foreign  markets 
dropped  from  10  percent  in  19H()  to  7.(^  percent  in  19K5. 
The  strength  of  the  U.S.  dollar  during  the  early  eighties 
hampered  U.S.  competitiveness  globally.  As  a  con- 
sequence, U.S.  producers  were  challenged  to  be  more 
innovative  in  improving  both  product  performance  and 
manufacturing  efficiency.  Better  products  coupled  with  a 
weakening  dollar  led  to  a  steady  rise  in  foreign  marktl 
share  after  1985  and  through  at  least  19KK.  {See  figure  (Ui) 

During  the  early  eighties,  other  (non-high-tech)  MS. 
industric^s  experienced  a  similar  loss  of  foreign  market 
share.  Unlike  the  high-tech  industries,  diey  wen*  slovvcr 
to  regain  market  |)()siti()n.  Throughout  tht»  19K0-KK  peri- 
od, high-ttvh  indiistric^s  held  twice  the  fon^gn  market 
share  of  other  U.S.  manufacturing  industries. 


'FoifiKM  tnafkci  si/c  is  ralnihilcd  l)y  siiblrJutiuK  ^'  S.  a))|)an'iu  cnii- 
smnplioii  of  lii^s^Mi't'li  products  from  lotal  OMC'D  sliipnuMits  of  same, 
l-orci^n  markrl  sluin-  is  difftTmliaicd  from  rxport  inarkt'l  shaiv  by 
a(!(!in.u  llic  howc  market  shipments  of  iioii  I'.S.  producers  to 
dfiioiuiiuilor. 


Figure  6-5. 

Import  penetration  of  high-tech  mari<ets: 
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Export  Markets.  U.S.  industries  aiv  still  tin*  world's 
leading  exporters  of  hiKh-tech  products.'"  U.S.  industry 
accounted  for  2\i  percent  of  global  liiKli-tech  (^xports  in 
19KK.  compared  with  15  percent  for  Japan  and  14  perctMit 
for  West  (ierniany.  Both  the  U.S,  and  West  (iernian 
shares  declined  during  the  eighties,  while*  Japan  s  share 
of  hiKh-tech  exports  ki'<^*w  si^niificantly.  Of  the  hiKh-t(*ch 
industries  examined,  the  U.S.  19HH  export  share*  was 
highest  in  tin*  aircraft  and  computers  industries.  {Sec*  fig- 
ure ()-7.)  Japan  s  communication  industiy  led  all  nations 


•  "Tradr  data  (cNpurls  and  injjjorls)  arc  available  (ni  a  prodiu'l-lcvcl 
basis;  pi'odiu'tiun  data  arc  not.  To  conlorni  with  llic  prnducticjM  and 
trade  dala  used  elsewbere  in  this  ehapter»  the  diseilssions  ol  export 
aetivity  and  trade  balances  are  elassilicd  by  indusiry.  The  industry- 
level  definition  (jI  hiKh-leehnoloKV  trade  used  here  shows  more 
niidleiiu  tlueluations  in  the  I'.S.  trade  than  the  trend  |)orlraye(l  usin.ir 
prodiiel-l(»vel  data.  Yd  usiuK  lenu  endpoints.  19S()  and  reveals 
eoiisislenl  trends  re.L^ardless  ol  the  detinilion  employed.  See  \HK' 
(1!)S:»)  and  Abbott  lor  tivhnieal  discussions  ol  alteriialivc  hi.uii' 

teiii  delinitioiis. 
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Figure  6-6. 

U.S.  share  of  foreign  markets,  by  industry 
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in  (^xporls  in  1988  as  did  WVsl  (itM'niany^s  industrial 
cluMuicals  and  druK  industrii^s. 

U.S.  Trade  Balance 

During  ihr  198()s,  llu^  United  Stalos  niainlainc^d  a  con- 
sislcMil  trad(^  surplus  for  [he  idcnlifu^d  hi^lvltrh  manu- 
factures, but  ran  consistent  deficits  in  other  nianufac- 
lui-(s:  IVadc  balances  for  both  calt^^'orics  declined  ov(m' 
lh(^  IHM'iod.  (ScH^  fi^nire  ()-8.)  hi  sc^vtM'al  Kuropi^an  c(/un- 
iri(s,  hi^Hi-lech  trade  surpUists  rost^  ihrou^di  ihi^  mid- 
eiKhlies,  lIuMi  fc^ll  sharply  ihrou^di  1988.  Amon^'  ihi^ 
industrialized  countries,  only  Japan  c^xptM'itMicc^d  sl(^ady 
^n'owlh  of  its  hi^di-tech  manufactures  lrad(^  surplus  dur- 
ing lh(^  decad(\  (Sec^  ii^uw  0-2:5  in  OvtM-view.) 

The  U.S.  iradc^  surplus  in  hi^dMech  manufactures  in 
1988  was  half  the  si/e  of  its  1980  iradt^  surplus.  A«ain. 
th(^  U.S.  dollarV  rollcMVoasler  ridt^  dining'  the  (^duics 
alTect(Hl  U.S.  compeliliveiuss  in  llu^  honu*  market  as  W(»ll 
as  in  foriM^Mi  markers.  Six  of  s(^ven  U.S.  hi^di-ltrh  indus- 
tries showt^d  dt^cTioralin^^  lrad(^  balances  during'  the 
198()s— three*  (communications  (equipment.  en^Mncs  and 
turbines,  and  scientific  insirunuMils)  experi(Miced  trade 
deficits.  The  U.S.  aircraft  indusliy  had  a  sharp  dc^cline*  in 
its  trade  surplus  Ihrou^di  llu*  mid-eudilics  l)elbre  recov- 
ering and  (»xc(HHlinK  llu*  1!)8()  suiplus  in  1988. 


Royalties  and  Fees  From  Technology 
Agreements 

Receipts  and  payments  for  patents  and  texdinical 
knowli^d^u*  are  anolluM'  indicator  of  firms'  icvhnolo^Mcal 
prowess.  Transactions  amon^'  unaffiliated  firms — in 
which  prices  ai'c^  set  ihrou^di  a  market-rcdaled  bar^^ain- 
in^'  process — l(^nd  to  refltrl  lh(^  c^xchan^u^  of  lechnol- 
o^'y  and  its  market  value*  at  a  ^mvcmi  point  in  linu\  Th(^ 
rt^cord  of  the  rc^sullin^'  rc^ceipls  and  payments  also 
provides  an  indicator  of  the  production  and  diffusion  of 
technical  knowl(^d^u\ 

All  Agreements.  The  VnhcC.  States  is  a  nci  e^xpor- 
[cv  of  It^chnolo^w  sold  as  inlc^lleclual  propcM'ly.  Royal- 
lii^s  and  lees  rc^ccMvc^d  from  forei^nuns  hav(^  becMi.  on 
avcM'aK'<\  almost  four  limes  that  paid  out  to  forei^MUM's 
by  U.S.  firms  for  access  to  tluMr  teehnoloKy.  U.S. 
nvtMpls  from  such  lerhnolo^n'  sales  lolal(*d  S1.9  billion 
ill  1989.  up  from  J>1.6  billion  in  1987.  (See  appcMulix 
labk*  (>9.) 

Japan  is  the  lar^nsl  consumeM*  of  U.S.  technolo^^y 
sold  in  this  maniKM*.  In  1989.  japan  acconnlcul  for  17 
p(MV(Mil  of  all  such  U.S.  receipts,  while*  tin*  \V(sl(M*n 
Kuropean  countries  lo^'ether  n^pnseMiled  27  peMVcMil. 
South  Korc^a  iner(*as(*d  its  purchases  of  U.S.  lechno- 
lo^Mcal  know-how  sharply  diirin^^  the  :>  years  for  which 
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Figu  e  6-7. 

U.S.  share  of  global  exports,  by  industry 
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(lata  nrv  available,  beconiinji  the  second  larji^^st  con- 
sunuT  of  U.S.  industrial  processes  with  a  ^-percent 
share  in  1989.  up  from  just  a  2-pereent  share  in  19H7. 
(See  fifjure  (v9.) 

To  a  lar^e  extiMit.  the  U.S.  surplus  in  the  exchange 
of  intellectual  property  is  driven  by  trade  with  Japan 
and  the  newly  industriali;;ed  Asian  countries,  hi  1989. 
U.S.  receipts  were  nearly  ei^ht  times  its  payments  in 
licensing  transactions  entered  into  with  Japan.  On  the 
other  hand,  the  U.S.  trad(^  surplus  with  Kurope  in 
sales  of  technological  know-how  declined  over  the 
past  ?>  y(^ars  (1987  to  1989).  West  (ierniany  represent- 
ed the  largest  luiropcnui  tradinji  partner  in  these  trans- 
actions; it  was  also  the  only  country  in  the  world  with 
which  the  United  States  had  a  persistent  technical 
knowled^t*  trade  deficit. 

New  Agreements.  The  total  Hows  ol  rt^ceipts  and 
payments  of  royalties  and  licenst*  f(vs  are  j^enerated 
both  from  new  agreements  and  diost^  made*  in  previous 
periods  that  are  still  in  force.  The  data  discussed  above 
thus  do  not  reflcvt  current  U.S.  technology  flows  n^sult- 
iiif^  from  new  ajireemcMits.  Allhouj^di  data  on  rtveipts  and 
paynuMils  from  new  tt^ehnolojiy  ajirtHMiients  ar(^  not 
available  from  U.S.  sources,  the  (JovernnKMit  of  Japan 
has  developed  data  that  disajijir(^K^»l<'  receipts  and  pay- 
UKMits  by  new  and  (^xistitiji  a^reenuMits.  (See  appendix 
tables  (vll  and  (>1L^)  Since  Japan  is  the  dominant 
customer  for  U.S.  technolofjy  sold  through  this  chaniu^l 


and  is  a  major  force  in  hi^h-tech  fields,  these  data  pro- 
vide useful  insight  about  the  relatively  hi^di  level  of  U.S. 
technology  sold  via  iu*w  technolo^  agreements. 


Figure  6-8. 

U.S.  trade  balance  In  manufactures 
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Figure  6-9. 

U.S<  royalties  and  license  fees  generated  by 
exchange  of  industrial  processes:  1989 


ALL  COUNTRIES 


WESTERN 
EUROPE 

ASIA 
AND  PACIFIC 


Japan 


West  Germany 


South  Korea 


1989 


0  500        1.000       1.500  2,000 

Millions  of  dollars 

See  appendix  table  6-9.        Science  &  Engineering  Indicators  -  199 1 


lYom  19cS4  to  198cS.  tlir  United  States  vnlvwd  into,  on 
average,  over  900  new  agreements  per  year  with  Japan 
involving  the  exchange  (both  purehase  and  sale)  of  teeh- 
nolo^ieal  know-how.  There  wHM'e  eh)se  to  three  new 
agreements  eallin^  for  U.S.  exports  to  Japan  of  teehno- 
lo^ieal  know-how  for  every  oiu*  that  represented  a  U.S 
import  of  Japanese  teehn()h)Ky.  1'he  average  vahit*  of 
these  agreements  was  fairly  equitable — about  'M  million 
yen  (8285,000)  per  agreement  for  Japanese  purehases 
and  ;)4.7  million  yen  ($2()7,000)  for  those  a^nvments  in- 
volving Japanese  sales  of  technologieal  know-how  to  the 


United  States. The  U.S.  trade  surplus  in  these  hijilH(»ch 
sales  with  Japan  nearly  tripled  in  size  during  this  r>y(»ar 
period,  hi  1988,  Japan  entered  into  11  times  as  many 
agreements  for  the  purehase*  of  teehnological  know-how 
with  the  United  States  as  with  its  next  largest  trading 
partner,  West  (lermany. 

Japan  apparently  eontinues  (o  consider  the  United 
States  a  fertile  field  from  which  to  haivest  new  advances 
in  technology.  The  suri)lus  the  United  States  enjoys  in  its 
technological  know-how  tradi'  with  Japan  does  not  rely 
s()l(»ly  on  technological  advances  developed  in  the  past 
but  is  supported  by  current  invcMitive  activity  as  weP 
Although  sales  of  technological  know-how  contribute 
positively  to  the  balance  sheets  of  U.S.  firms  and  the  U.S. 
economy  in  the  short  term,  thcM'e  has  becMi  ongoing  con- 
troversy regarding  the  long-term  consequences.'^' 

Industrial  R&D 
International  Comparisons 

hi  all  industrialized  countries,  die  industrial  sc^ctor  is  the 
leading  perfomier  of  Rc^I).  hi  the  United  States,  more  than 
73  percent  of  all  R&I)  expenditures  are  for  K&I)  per- 
formed in  industry  (1988).  (See  appendix  table  (>lll) 
Among  other  larg(*  industrialized  market  economy  coun- 
tries. West  (ierniany  has  a  similar  share  of  R«S:I)  per- 
formed by  industiy.  Japan,  the*  Unit(»d  Kingdom,  and — 
especially — France  have  somewhat  lower  shares,  although 
(»ven  in  I'rance  about  (iO  pcM'cent  of  national  R6tl)  expendi- 
tures are  in  industiy.  (See  figure  (>-l().)  I^xcept  for  I^ance, 


' 'Converted  ill  an  exehanw*'  nue  ol  IMO  yen  jmt  I  '.S,  dollar. 

'  111  1*)S.S.  the  rniled  Slates  had  a  surplus  ol  approximately  SLMK)  mil- 
lion K't'neraled  from  new  lechnoloK7  aKM'eeinents  with  Japan,  but  sul- 
iered  a  delieit  in  hlKdMech  mvrcliamii^c  trade  with  Japan  of  Sf)  lo  SL^L^ 
billion  (depending'  upon  the  definition  used).  K(  rent  developments  in 
the  aerospace  industiy  typilV  the  eontroversy,  hi  this  indusliT.  as  inter- 
national joint  i)ro(luction  ventures  K^row  (e.^..  TSX  eodevelopment  with 
Japan,  (leneral  Dynamics  K-lll  coproduction  proKU*am  with  Tin-key. 
and  the  l-'-lS  coproduction  proK'tam  with  South  Korea),  expoHs  ol  com- 
plotc  I'.S.-built  aircraft  could  divline  in  tho  fiitiur. 


Figure  6-10. 

National  R&D  expenditures,  by  sector  of  performance 
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these  |)(Mr(MitaKes  ivprc^scMil  incivas(^s  in  th(*  shaiv  of 
K&I)  pcrfoniUHl  in  industiy  over  the  U)7r>88  period.  Japan 
and  West  (ierniaiiy  showed  the  largest  shifts  to  the  iiuhis- 
trial  sector. 

Private  industry  was  the  source  of  50  percent  of  all 
funds  spent  for  in  the  United  States;  the  Federal 
(iovernnient  funded  most  of  tlie  remainder.  Nearly  all  of 
industiy  s  funding  was  directed  toward  K&l)  that  would 
be  performed  within  industry.  About  1  percent  was  spent 
on  university  research  and  almost  1  percent  on  research 
in  nonprofit  institutions.  Compared  to  the  United  Stat(*s, 
Japan  and  West  (uM'iiiany  received  considtM'ably  larger 
shares  of  their  national  li&l)  funds  from  private  sources. 
France  and,  until  recently,  the  United  Kingdom  had  less 
of  their  Ki^'I)  funded  by  industrial  sources/  '' 

Since  the  early  1970s,  the  trend  in  all  five  countries  has 
been  for  an  incrc^asinfj  percentage  of  national  KSzl)  to  hv 
financed  by  industiy.  (See  figure  Ivll  and  append'x  table 
4-2.)  In  the  United  States,  however,  the  trend  rose  until 
1982  and  remained  more  or  less  stable  through  1991. 


'  Tlu'  (lata  l(»r  iTana*  atui  liu'  Tnilfd  KiiD^^doni  iiK*iii(ir  \iS:\)  lundiiiK 
providt'il  by  i)ul)lic.  as  wvW  as  privalt*.  corporations,  riic  icvfi  ol  private 
tundiii)^'  lor  tlu'ir  industrial  RilC'l)  was  liuM'rlbrr  lowrr  tiian  is  siiown  on 


This  leveling  off  was  primarily  due  to  tlie  buildui)  of  fed- 
erally suppoiled  R&I)  for  defense  during  the  198()s. 

Industrial  R&D  Expenditures 

Funds  for  industrial  R&I)  come  almost  exclusively 
from  two  sources:  private  industiy  itself  and  the  Fi^deral 
(iovernnient.^'  lotal  estimated  current  dollar  expendi- 
tur(*s  in  the  United  States  for  industrial  li^l^  increased 
markedly  between  1979  and  1989,  rising  from  $:]8.2  bil- 
lion to  i>101.()  billion — an  average  annual  increase  of 
close  to  10.15  percent.  Current  dollar  estimates  for  1990 
and  1991  show  continued  Ki'owth.  (See  appendix  table 
(vlf).)  After  adjusting  for  inflation,  however,  the  ^tjrowth 
rate  of  industrial  R&U  is  reduced  to  5.2  percent  \)cv  year 
during  1979-89,  with  a  significant  slowdown  occurring 
during  the  last  15  y(»ars.  From  1979  to  1984,  industrial 
KcK:I)  expenditures  fji'^^w  at  an  annual  rate  of  7.4  percent 


'Sonif  n)nipanii*s  pcrlorni  "indcpcndi-nt  research  and  (U'V('i(»|)' 
nicnt."  IKi^l)  is  in-iiousf  Ri^D  intended  to  heiu»r  prepare  tlie  compa- 
nies to  hid  on  National  .Aeronautics  and  Space  Administration  or 
Department  ol  Defense  projects.  Some  ol  these  expenditures  are  later 
reimhursed  hy  the  aK^'iicy  as  overhead  clKuyes  allocated  to  contracts. 
IWi^'D  expenditures  represent  1(  ss  thaji  ")  percent  ol  total  Kv^'D  expen- 
ditures hy  industry.  See  chapter  \,  "independent  Research  and 
Development,"  p.  ^KS. 


Figure  6-11. 

National  R&D  expenditures,  by  source  of  funds 
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in  constant  dollars  conipaivd  with  :?.0  perciMit  during 
1984-89.  And  by  1989,  constant  dollar  t»xp(Mulitiircs  actu- 
ally declined — the  first  time  this  had  occurred  since 
1975.  Kstiniates  for  1990  and  1991  indicatt*  that  industrial 
K&l)  expenditures  continued  to  decline  in  inllation- 
adjusted  dollars.  (See  fijiuri*  (>12.) 

Trends  in  Company  and  Federal  Funding 

From  the  early  sixties  through  the  early  eij;htit*s.  the 
share  of  industrial  funding  providi^d  by  conipanits 
themselves  increased  stt»adily.  By  1984,  private  financing 
supported  close  to  ()9  perciMit  of  industrial  Ki^l)  perfor- 
mance; in  the  early  sixties,  oidy  about  \2  piMvent  was 
self-financed.  (See  fif^ure  (>-12.)  This  trend  was  reversinl 
as  the  militaiy  buildup  that  bej^an  in  the  early  eijj:hti(*s 
led  the  Federal  contribution  lo  first  keep  pace  with — and 
to  later  increase  more  rapidly  than — the  privati^  contribu- 
tion. Sinci^  1987,  howt^ver,  private  financinj^  has  a^ain 
outpaced  Federal  support. 

During  the  19()l)s.  private  fundin^^  for  industrial  R*S:1) 
incn^asi^d  at  an  avera^i*  rate  o{(i6  pen^Mit  piT  yi»ai\  in  con- 
stant dollars,  whik^  Federal  suppoil  increasi^d  by  1.4  per- 
cent per  year.  Both  privati*  and  FediM*al  support  for  indus- 
trial K&l)  were  cut  back  in  the  seventies:  Private  funding 
growth  sk)Wi*d  to  2.8  perctMit  annually,  and  Federal  fund- 
ing actually  di^clini^d  in  inflation-adjusted  dollars. 

hi  the  1980s,  U.S.  policy  reft)cused  Federal  funding 
toward  development  and  up^radiiiK  of  militaiy  technolo- 
gies. U.S.  industiy  was  drivtMi  to  escalatt^  lu^w  product 
developuKMit  in  the  face  of  ^rowinf^  foriMj^n  compi^tition. 
Consequently,  both  private  and  Federal  funding  of  indus- 


Figure  6-12. 

U.S.  industrial  R&D  expenditures,  by  source  of 
funds 
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trial  \<&l)  incrc^ased  sijinifieantly  when  eoni|)ared  with 
tin*  previous  deeade — |)rivatc*  funding  douhl'xl  its  jjirowth 
rat(»  to  r).4  pereent  a  year,  while  Fedi^ral  funding  actually 
Krew  almost  as  fast  at  4.5  pcMVent  per  y^'a»\  Most  of  this 
growth  took  place  in  the  first  half  of  the  decade.  The 
avi»raK(*  annual  growth  rate  during  thi^  e:u*ly  eighties  was 
twice  that  of  the  latter  half. 

}•: stiniates  for  1991)  and  1991  indicate  that  both  Federal 
and  company  funding  of  industrial  R^rl)  declined  when 
inflation  is  taken  into  account.  The  dedini^  in  Fiuleral 
supi)()rt  stems  from  concern  owv  {hv  Federal  bud^iH 
deflcit.  The  decline  in  company  l<<!s:l)  funding  can  be 
attributed  to  si^veral  factors,  including  the  following': 

•  Profit  margins  have  hvvn  sqvwvy.vd  for  sonu*  tinu* 
bcrause  of  the  rise  in  competition  that  accompanies 
the  increasing  Kl^>balization  of  marki^ts. 

•  The  above  factor,  combiiu^l  with  tlu^  KcniM'al  soft- 
ness in  dcMiiand  for  industrial  outputs  evidiMit  in  the* 
past  fc*w  yi^ars.  has  caused  industiy  to  look  for  ways 
to  reduce  its  costs. 

•  In  some*  firms,  K^cl)  labs  havi^  Ikh-ii  (krcMitralizi^d, 
brin^inK  them  doscM*  to  company  manufacturing 
operations  as  the  result  of  restructuring  and/or  cor- 
porate mergers  {SKS  1989  and  SRS  198  0. 

Expenditures  for  Individual  Industries 

Individual  industrii^s  show  very  diflV'rcMit  triMuls  in  tluMr 
K&l)  expenditures  and  in  tlu^  sharers  of  thosi^  i^xptMuli- 
tures  supported  by  private  and  Federal  sourcc^s.  For  pur- 
poses of  this  analysis,  industri(^s  are  divided  into  thret^ 
KcMKM'al  Ki'^Hips:  hij^h-tech  manufacturiiiKi  other  manufac- 
turing, and  nonmanufacturiuK  (including  servicers)  J  ' 

During  llu*  1979-89  piM'iod,  tlu-  hiKh-technoloij)'  manu- 
facturing Ki'^Hip's  shan^  of  industrial  l<i<l)  i-xpiMulituri^s 
lluctuatinl  narrowly  around  a  W-pcMViMit  share  of  [hv 
total:  concurnMitly,  tlu»  share  for  all  otluM*  manufacturing 
industric^s  declined  from  'M  to  piMvent.  Although  non- 
manufacturinji  industrii^s  accounted  for  the  smalU*st 
share  of  tlu^  thriH-  groups,  this  was  th.e  only  ^roup  whosc^ 
share  urew.  doubling  tlu^  4-percenl  share  it  lu^ld  in  1979 
to  an  8-p(M'cent  share*  in  1989. 

From  1979  to  1989— a  rolk^voastei  piMiod  of  cvonomic 
slowdown  followed  by  prolonuiul  K^J^vth  and  a  subse- 
quent k^vcTiiiK  off— total  industrial  KiK:l)  rose  by  an  aviM*- 
iiiiv  of  r).2  percent  \)vv  yvdv  in  constant  dollars.  During 
this  time.  \<i<l)  within  the  three  industry  groups  in- 
creastul  as  follows: 


1960  1964  1968   1972  1976  1980   1984  1988 
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The  iKHiinamilat'Uirin^!  '.Mtc^^oi  v  iiuMiidc^  all  srrvirc-rclatcd  imd 
miiiiM^.r  Standard  liiduslrial  C'lassiticatioti  (SIC")  rndcs;  il  docs  imt 
iih'liidi'  aKi'ii'idluri'  SIC's.  Appendix  lablc  (i-Ki  lists  the  SIC  codes 
intiiidcd.  alon^'  with  UrmW  in  U\'l)  cxprnditincs. 

Tin*  lii),di-t('t'li  inanutartiirin^:  induMrics  srlcflcd  arc  those  ucnerally 
idcntilicd  as  having  I'oniparalively  hi.tyhcr  levels  ol  UiVD  as  a  jiropor- 
tion  ul  sales,  Dne  lo  Censns  bureau  re(|uirenieMts  lo  proteel  the  eonti 
deniiality  ol  tirn)  (lata,  industrial  K\'I)  data  are  not  available-  Inr  all 
industries  noriually  ineliided  in  the  hi^^h-teeh  eale^^ory. 
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•  HiKli-lwh  inaiiufacturiiiK— 5.2  porcvnt  pcM^year. 

•  OlluM*  iiiaiuifaclurinK— ^^.9  ikmwiU  |)t»r  y(»ar,  ami 

•  NoiiinanufactuniiK— 12.H  pcMXviit  per  yc»ar."' 

Within  11k»  hiKh-lcch  iiiaiuifacturiiiK  Kroup,  s(^vc»ral 
induslrios  cxpericMiccd  above  average  K&l)  Kn)vvth — 
duMiiical  and  allied  products  (including  pliarniamiti- 
cals).  electronic  components,  coniniunication  eciuipiiient, 
and  aerospace.  (See  figure  (vlii.)  Firnis  whose  priniaiy 
activity  involves  providing  computer-related  and  cMi^i- 
neeriiiK  sei"vices  accounted  for  nearly  half  of  the  nomnan- 
ulacturinj?  group's  K&l)  expenditures  and  were  responsi- 
ble for  most  of  the  increases  exhibited  during  19K7-K9. 

Trends  in  Funding  for  Individual  Industries 

Company  funding  in  hiKh-tech  manufacturing  indus- 
tries went  up  5.2  percent  per  year  during  the  U)KOs  aft(T 
adjusting  for  inflation:  it  went  up  4.8  percent  per  year  in 
other  manufacturing.  (Sec*  appendix  table  (vlK.)  Private 
fundiiiK  of  industrial  K&l)  |)erf()rmed  by  noiuiianufactui' 


Figure  6-13. 

R&D  expenditures,  by  industry  group 
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"  T\\v  rai)i(l  rale  nf  growth  in  RiVl)  i-xprndilurcs  rrp^'it^'^l  tl*^' 
iKimnanulaclurinK  scrtor  fluriiiK  tin*  U).S()s  may  br  distorird  by  rlTorls 
lo  improve  cov(M*am*  ol  llu*  scrvicr  sector  in  llic  National  Science 
Foundations  annual  SiuTey  ol  Industrial  Htsearcb  and  Devi'lopinent 
slaniiiK  witii  liie  suney.  AllbouKb  adjustments  bave  hrrw  made 
to  link  data  Ironi  previous  samples,  it  remains  uncertain  wbetlu-r  the 
elfecls  ol'liic  resampiiOK  bave  been  completely  renioved. 


iiiK  iiicluslrics  ^ivw  at  an  avtM-a^c*  annual  rate  approach- 
ing If)  ptTCcnt  (luring  this  period,  excvodins  the  9.5-per- 
ccMit  rate  of  growth  in  PVderal  support  to  this  ^roup.  Hut 
in  all  ihrvv  industry  groups,  funding  of  K&I)  slowed  dur- 
ing the  latter  part  of  the  decade.  (See  fiKure  6-14.)  Two 


Figure  6-14. 

Real  growth  rates  in  funding  of  industrial  R&D,  by  source  and  sector  of  performance 
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of  tlu*  industric^s  in  vvliidi  C()iiii)any-fiiiaiict*(l  ^ivw 
I'cistt^st.  tlu'  chemicals  and  coinputtM*  manufacturing 
indusUits.  w(M*(*  also  faced  with  declining  Federal  sup- 
port (lurinK  this  time. 

Certain  manufacturing  industrit^s — particularly  aircraft 
and  missiles  and  communication  equipment,  all  of  which 
hav(»  special  military  im|)()rtance — received  especially 
larKc  portions  of  their  l<&\)  sup|)()rt  from  Federal  sourct^s. 
(See  fiKure  (>15.)  llu*  FedtM'al  (i()V(M*nment  also  provided 
a  larKc  share  of  K&il)  funding  to  certain  nonmanufactur- 
InK  industries.  In  1989.  it  supplied  nearly  half  of  the  Kc^I) 
funds  used  l)y  firms  wh()s(»  primary  activity  involves  Kc^I) 
and  testiiiK  siM^vices  and  one-diird  of  the  Kc^I)  funds  used 
l)y  computer-related  and  tMiKinceriiiK  sei-vices  firms. 

hi  constant  dollars,  Federal  supi)()rt  incrt^ased  at  an 
aviM'aKt*  rate*  of  l.f)  peivtMit  per  year  from  1979  to  1989; 
this  incri^ase  was  directt*d  to  certain  industries,  hi  partic- 
ular. Fed(Tal  funding  incn^ased  by  an  annual  avera^t*  of 
7.7  |)ercent  pt»r  yt»ar  in  aerospace,  7.4  i)ercent  i)er  year  in 
fabricated  nu»tal  products,  and  7.7  percent  per  year  in  all 
nonmanufacturiiifj.  (vSee  appendix  table  (>17.)  Federal 
support  for  1<S:\)  in  the  nonmanufaeturinK  industries 
Kroup  more  than  doubled  in  constant  dollars  during  this 
time.  reKisteriiiK  an  annual  increase  of  9.5  percent.  As 


Figure  6-15. 

Share  of  industrial  R&D  funding  provided  by 
Federal  Government:  1988 


not(»d  earlit*r.  Federal  support  to  this  .irroup  is  substan- 
tially U^ss  in  absolute  dollars  than  that  allocated  to  the 
manufacturing  Kt'<>ups. 

Company-Financed  R&D  Performed  Outside 
the  United  States 

From  1979  to  1989,  U.vS.  firms  Konerally  increased 
their  funding  of  Kc^-I)  |)erf()niu*d  outside  tlit*  c()unt!y.(Sei» 
appendix  table  (>2().)  Iliis  funding  Kn)wtli  did  not  k(vp 
|)ace  with  the  rise  in  c()mi)any-financed  Kc^'I)  performed 
within  the  United  States,  however.  The  share  of  total 
company-financt^d  Hc^I)  performed  outside  the  United 
States  declined  steadily  from  [hv  period  h\^h  of  9.7  per- 
cent in  1979  to  a  low  of  (10  percent  by  1985.  From  1985  to 
1989,  U.S.  firms'  overseas  ]<&\)  incrt^ased  faster  than  that 
ptM'fornied  domestically,  with  its  share  rising  to  8.5  per- 
cent l)y  1989.  Nonetheless,  this  share  was  still  below  the 
1979  level. 

The  industries  with  the  highest  levels  of  company-finan- 
ced Kc^I)  perforiiK^d  overseas  in  1989  mnv  duMiiicals  and 
allied  products — 10.1  percent — and  transportation  vqu\\> 
nient  (especially  motor  vehicles  and  aircraft) — 12.2  per- 
cent. (vSee  figure  (>\(\)  NonnianufacturinK*  industries  had 
the  lowest  share  of  privately  financed  K&I)  bein^  con- 
ductt*d  overseas,  despite  an  almost  threefold  increase*  in 
this  slian*  during  the  eighties,  from  (Mi  percent  in  1979  to 
l.«  percent  by  1989. 
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Figure  6-16. 

Share  of  company-financed  R&D  performed 
outside  the  United  States,  by  industry 
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Patented  Inventions' 

One  of  the  important  benefits  of  Kc^I)  is  the  stream  of 
new  technical  inventions  that  may  in  turn  hv  embo(li(»(l 
in  innovations — i.e..  in  new  or  improved  products,  pro- 
c(*ss(»s,  and  sei-vices.  Patenting  trends  can  sem»  as  an 
indicator — albeit  one  with  certain  limitations — of  the 
success  of  U.S.  industiy  in  producing  such  innovations.'^ 
Specifically.  Griliches  (1990)  and  others  suK^est  that 
patent  data  provide  Kood  indicators  for  measuring  tech- 
nical chanKt*  and  inventive  input  and  output  over  timt\ 
Further,  U.S,  patenting  by  foreign  inventors  enables 
nieasur(»ment  of  the  levels  of  invention  in  those  foreign 
countries  (see  I^avitt  1981)).  Foreign  patenting  can  also 
seive  as  a  leading  indicator  of  new  competition  in  a  coun- 
try s  home  market.  This  section  describes  broad  trends 
in  patenliiiK  over  time,  by  fi(»ld.  and  by  industry  by  both 
U.S.  and  foreiKn  inventors.  It  briefly  discusses  patenting 
trends  in  foreign  countries  and  describes  an  indicatoi* 
that  attempts  to  identify  technically  important  patenttMl 
inventions,  hi  addition,  information  on  patenting  activity 
in  other  countries  is  presented.  (See  "FatentiiiK  Activity 
in  ForeiKii  Countries/'  p.  150.) 

Granted  Patents  by  Owner 

Patents  Granted  to  Americans.^-  From  1977  throu^di 
1983.  the  number  of  pat(»nts  Ki'anted  to  Americans  de- 
clined irregularly.- '  This  {\v\u\  was  I'eversed  at  about  the 
time  the  United  States  came  out  of  the  recession  of  the 
early  eighties;  patent  ^I'^^nts  to  Americans  have  been 
increasing  fairly  ra|)idly  since  then.  By  1989,  U.S.-ori^in 
patenting  registered  a  new  hi^h  when  about  T)!), ()()() 
patents  wen*  ^n^ited  to  U.S,  residcMit  inventors.  However, 
foreiKn  patentiiiK  in  the  United  States  rose  at  a  quicker 
rate  in  the  post-recession  period  (1983-90)  than  did  U.S. 


'  Allliou>;li  ilu-  r.S.  Patrnt  aiul  IVadcniark  ()Hin>  i,n  anls  several 
lyprsol  j)al(Mils  U\^.,  desivm  palciils).  lliis  (liscussioii  is  limited  to  iilil- 
ily  paleiUs.  which  are  i oiniuoiily  known  as  "in^hMils  lor  itiveiilions." 

'  PatciUiiiK  indicators,  wliile  inslructive  and  convenient*  liavc  some 
well-kn<)wn  drawhacks.  including  llic  IbliowiiiK: 

•  hmnnpU'tcness — many  inventions  are  not  paleiiled  at  ail,  in  part 
because  laws  in  some  Stales  already  provide  lor  llie  protection  ol 
intliisirial  trade  secrets. 

•  hironsistrncy  arms  ifuiuatrirs — industries  vary  tonsid  raMy  in 
llieir  propensity  (o  patent  inventions:  conse(|nently.  it  is  not  advis- 
able to  compare  patenting  rates  between  dillerent  technoloKii's  or 
industries. 

•  hironsisti  my  iu  quality — the  inventions  patented  can  vaiy  consid- 
eial)lv  in  (|uality.  (Patent  citation  rales,  discussed  on  pp.  \:)'2  X\. 
are  one  melhotl  tor  dealing  Nvith  this  (pustion  ol  varying  (|ii«'ility.) 

Despite  these  and  other  limilalions.  patents  provide  a  unicpK'  and  con- 
venient source  ol  inlorinalion  innovalir)ii. 

'The  r.S.  Patent  and  Trademark  Office  Ki'Jtnts  patents  to  i)oth  T.S. 
and  lorei>;n  inventors.  Patent  origin  is  dctennitwd  by  ilu'  residence  at 
tbelimi'  ol  >;ranl  ot  the  llrst-nained  invenloi  as  sjX'ciHed  on  the  lace  of 
llie  paJcnl.  I'atcnls  "Kranled  to  Anu'ricans"  are  actually  r.S.-oriK'in 
patents. 

The  mnnber  ol  patents  ^M-anted  to  all  comilries  dip|)ed  in  1!)'/!) 
because  the  Patent  Oltice  could  not  allord  to  print  all  tlu'  palents 
approved  that  year. 


domestic  patenting — 8.6  versus  5.3  perccMit  per  year.-' 
(Se(»  figure  (>17  and  figure  0-21  in  Oveiview.) 

Patents  ^I'^^nted  to  American  inventors  can  be  fur- 
tluM*  analyzed  by  patent  ownership  at  the  time  of  ki'hiU. 
hiventors  who  work  for  private  companies  or  for  the 
Federal  (Tovernment  commonly  assign  ownership  of 
th(»ir  patents  to  theii*  employer;  self-employed  inven- 
tors usually  I'etain  ownership  of  theii'  patents.  The 
owner  s  sector  of  employment  is  thus  a  Rood  indication 
of  the  sector  in  which  the  inventive  work  was  done,  hi 
1990,  71  percent  of  ^I'^^ited  patents  wei'e  owned  by 
corporations.--  Hiis  percenta^^*  has  varied  within  a  nar- 
row ran^^'  (between  70  and  74  percent)  since  1970. 
Consequently,  trends  in  U.S.  patenting  are  by  and  lar^e 
trends  in  patenting  by  c()n)()rati()ns.  (See  figure  (>18.) 

hidividuals  are  the  next  largest  ^roup  of  i)atent  own- 
ers, hi  1970  individuals  owned  2\  percent  of  patents 
granted.  Their  shai'(»  rose  to  27  percent  in  1980  and  was 

percent  in  1990.  The  Fedei'al  share  of  |)atents  has  var- 
ied from  a  lii^h  of  4.1  percent  in  1976  to  a  low  of  1.8  per- 
cent in  1988  and  1989. Finally,  about  1  percent  of 
patents  granted  to  American  inventors  are  owned  by  for- 
eign corporations  or  governments. 

hi  1989  the  number  of  patents  granted  in  the  United 
States  jumped  22  percent.-'  U.S.  inventors  received  W^ 
percent  of  the  U.S.  patents  granted  that  year,  represent- 
ing the  first  upturn  in  their  share  of  granted  patents 
since  1977.  The  increase  in  U.S.  share  is  a  n^flection  of 
the  successes  of  individual  inventors.  The  patenting 
share  for  U.S.  corporations  actually  dediiu^d  in  1989,  and 
U.S.  (Jovernment-owned  patents  accounted  for  about  the 
same  share  of  total  as  in  1988. 

Patents  Granted  to  Foreign  Inventors.  The  num- 
ber of  U.S.  patents  ^I'^mted  with  lorei^n  ori.^in  also 
increased  sharply  in  1989,  although  not  as  dramatically 
as  did  those  with  U,S,  origin.  Thus,  the  share  of  total 
patents  Ki''int(*d  to  foreign  inventors  in  1989  fell  from 
48.1  percent  in  1988  to  47.5  p(Tcent.  Of  new  U.S.  palents 


'Poth  r.S.  and  lorei^^n  patenting  declined  iVom  W7  to  IIKSS.  This 
decline,  one  ol"  many  oscillations  that  appear  in  patenting  data  by  year 
ol  patiMit  K'Jtnt,  may  l)e  due  to  the  especially  low  nund)er  patents 
awarded  in  19S()  bet-aiise  ol  bud^^et  restrictions  at  the  Pat'.'iit  OHlce. 
This  devt'lopment,  in  lurn,  h'd  to  an  unusually  hi^h  nuinlKT  ol  patent 
grants  in  1987  iis  patents  were  carried  over  into  that  year.  Also,  utility 
patent  applications  droppetl  in  IDS!].  Since  it  can  take  to  years 
before  a  successful  application  matures  into  a  i)atent,  this  drop  may 
also  have  contributed  to  the  low  niunln'r  of  patent  ),n*ants  in  llKHii.  See 
"(iranlt'd  Palents  by  Datc^  of  Ap|)licalion,"  p.  \ 

"About  '2  petx"enl  of  patents  ^^ranled  to  Americans  in  WW  were  owned 
by  r.S.  universities  and  colleKt'^^^  Hie  Patent  Oltice  counts  these  as  hv\\\^ 
owned  l)y  coriwM'ations.  T'or  further  discussioi?  of  academic  patentin^^  see 
chapter  r)."PaH'ntsAwarde(l  to  I'.S.  rniversilies."  pj).  VMKW. 

j-ederal  inventors  hcqnently  obtain  a  stalutor\'  invention  reKistra- 
lion  (SIK)  rather  than  a  patent.  An  SIR  is  not  ordinarily  subject  to 
examination  and  costs  less  to  obtain  than  a  patent.  Also,  an  SlU  ^Wvs 
the  bfilder  the  ludit  to  nst'  the  invention  but  does  not  prevent  others 
from  selling  or  usin^.^  the  inventioti  as  well. 

'Part  of  Ibis  increase  may  be  attributed  to  Patent  OHice  efforts  to 
reduce  "pendeti(\v,*'  the  time  l)etween  receipt  of  a  patent  ai)i)llcation 
and  completion  of  its  processin^^. 
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Figure  6-17. 

U.S.  patents  granted,  by  nationality  of  inventor 
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See  appendix  tables  6-21  and  6-22. 


All  U.S.  patents 


.  _  ^  To  U.S.  inventors 

To  foreign  inventors 


1976     1978     1980     1982     1984     1986  1988 
By  date  of  application 

Science  &  Engineering  Indicators  -  1991 


with  loroi}^n  orij^in.  those*  owned  by  individuals 
incr(\'isi'd  in  nunibor  but  d(vlinc(l  as  a  shan*  of  thc^  U)cS9 
total,  as  did  those  owned  by  loRMj^n  ^M)V(M'nnuMits. 
Foreign  eor|)oration-owned  patents  increastul  in  siiffi- 
ei(MU  numbers  in  1989  to  maintain  their  share  of  total 
from  1988.  Anions'  1989  patents  with  foreign  orij^in.  oidy 
those*  K^inted  to  U.S.  entities  inereased  both  absolutely 
and  relativc*ly. 

Foreij^n  patenting  is  hij^hly  eoiieentrated  by  country  of 
orij^in.  (Sir  fif^un*  (vl9.)  Since*  1975.  Japan  has  receiv(*d 
more  U.S.  patents  than  any  oth(M'  foHMj^n  country. 
Japanese  inventors  have  steadily  increased  their  shan*. 
rectMvinK'  22  |HMC(*nt  of  all  U.S.  patents  in  1990.  com- 
parted with  under  10  percent  in  1977.  West  (ierman 
inventors  riHHMved  around  9  i)(M'cent  of  U.S.  patcMits  from 
1977  to  1990— ^^'n(*rally  rising  sli^ditly  through  198()  and 
dtrlininK'  slightly  th(M*(*after.  Tin*  share  of  U.S.  patents 
o\vn(*d  by  United  Kinj^dom  inventors  followi^l  an  irn^j^u- 
lar  but  declining  tnMul  during'  1977-90.  dropping  from  a 
hij^h  of  4.1  i)erc(Mit  in  1977  to  a  low  of  :>.l  i)(M*C(Mit  in 
1990.  ()v(M"  this  sanu*  p(M*iod.  the  FnMich  shan*  fluctuated 
narrowly  around  ?>.:^  percent.  (See  fi^nire  0-21  in 

Comparing'  forcMj^n  i)at(Mitin}^  j^rowth  rat(*s  in  the 
Unit(Ml  Stat(*s  in  the  wake  of  tlu*  198()s  reet^ssion 
n^veals  the  (*x|)andin}^  roles  of  Jai)an  and  Furoi)e  as 
technolo^^v  comixHitors  as  w(*ll  as  identifiers  sevcM'al 
other  countries  with  a  d(Mnonslrated  capacit\'  to  .tjcMier- 
at(»  n(*w  technoloKit'^^-  Durin^,^  tin*  198;>9()  |)eriod.  the 


Figure  6-18. 

U.S.  patents  granted,  by  class  of  owner 
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averaK^^*  U.S.  paliMitiiiK  Ki'<)v/tli  rate  was  8.(5  ptM  CciU  per 
yv'iW  amoiiK  loiviKn  couiitrit's.  Couiitrit's  with  above* 
averaji^^*  Ki*<>wlh  rales  were 

•  'laiwaii.  41.3  pereeiit  per  year  (731  i)alenls  ^rallied 
ill  1990); 

•  South  Korea,  3().()  perciMit  per  year  (224  patents): 

•  HoiiK  KoiiK,  2l).()  pereent  per  year  (fVJ  patents); 

•  Japan,  12.0  percent  per  year  (19,444  patents): 

•  Sweden,  10.15  piMVent  per  year  (1,257  patents);  and 

•  Swil/erhind,  9.2  pereiMit  per  yi^ar  (1,K4S  pat(Mits). 

'llie  patenting  jji'^wth  rat(*  for  the  United  States  during 
this  time  was  ^).?y  pereent  piM*  year  (47,19r)  patents). 
Despite  the  dramatic  recent  increase  in  patent  activity  by 
the  \\c\M\y  industrializt^d  countrii^s  of  Kast  Asia — particu- 
larly Taiwan  and  South  Korea — tliesi*  countries,  as  a 
fjroup,  accounti^d  for  just  over  1  percent  of  the  U.S. 
|)atents  granted  in  1990. 


Granted  Patents  by  Date  of  Application 

Pat(Mit  data  by  year  of  Krant  show  considiTable  oscilla- 
tion from  year  to  year,  primarily  Ixrause  of  fluctuations 
in  the  rate  at  which  the  PatcMit  Office  processes  ai)plica- 
tions.  To  HMiiove  the  efftvt  of  these*  fluctuations.  }j[ranted 
patents  can  be  allocated  to  the  years  in  which  Xhcy  W(M*e 
applied  for.  Tin*  application  date  is  roughly  2  or  3  years 
before  tlu*  year  of  ^rant  and  is  thus  cIoscm'  to  tin*  time  at 
which  the  invention  actually  took  place.  When  displayi^d 
by  year  of  application,  patenting  data  show  much 
smoother  trends. 


Iiccaiisc  \\\v  riiidit  Ottirc  lias  ikiI  yd  niiiiplcU'd  tlic  cxaiiiiMMtion 
proi  t'ss  tor  ininu'rous  applications  lih-d  during  U)S7-Si),  ii  is  not  known 
lu)W  many  ol  tiu'sc  applicalioiis  will  ulliniatrly  he  ^M'antod. 
Ctinscciiu'ntly,  this  analysis  ol  patciUinj^  tHMuls  by  year  ol  application  is 
conlinod  to  llic  UHvl-St)  period. 

Note,  however,  that  the  data  series  for  palenlin^^  l)y  dale  ol"  applica- 
tion shows  a  dip  in  15KS;i  tor  several  counlries.  In  tact,  the  nmnber  ol 
applications  Iroin  many  eountiies  was  especially  in  UWli  and  cih*- 
resixMidinj^ly  low  in  U)S!i.  A  new  schedule  ol  lii^dier  lees  was  intro- 
duced  in  late  UKSL!<  contril)nlinM  to  an  acceleration  ol  filing's  in  U)SJ  and 
lewerin  UKs;;. 


Figure  6-19, 

U.S.  patents  granted  to  foreign  inventors,  by  nationality  of  inventor 
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Patent  Activity  in  Foreign  Countries 

Nonresident  inventors  account  for  vaiying  shaivs 
of  total  patent  activity  around  the  world.  Counti  ies 
that  patent  extensively  in  the  United  States— for 
example,  Japan  and  West  Germany — are  active  in 
other  countries  as  well.  Similarly,  U.S.  inventors  are 
themselves  active  and  successful  in  patenting  inven- 
tions around  the  world.  Contrary  to  the  recent 
declining  trend  for  U.S.  inventors  at  home,  recent 
foreign  patent  activity  suggests  that  U.S.  inventors 
are  not  only  successful  at  obtaining  patents  in  neigh- 
boring countries,  but  garner  a  large  and  increasing 
share  of  nonresident  patents  in  Europe,  Japan, 
South  Korea,  Brazil,  and  India.  (See  figure  (>20.) 


Figure  6-20. 

Patents  granted  to  foreigners  in  1989, 
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From  H!7(i  to  U)8;{,  paltMitiHl  applicatinm  in  the  United 
States  (lecri^asi^d  at  an  avera^t*  rate  of  sli^rhtly  over  1  |)er- 
cent — primarily  bi^eause  the  succt^ss  ratt^  of  |)atent  a|)|)li- 
cations  from  U.S.  inventors  declined.  In  contrast,  for- 
(Mjjn-ori^nn  i)atentinKKri*\v  at  l.(^  i)ercent  a  year.  (See  11^^- 
ures  (vl7.  (vl8.  and 

From  1984  to  198().  U.S.  i)atiMitinK  by  year  of  ai)i)lica- 
tion  exhibited  a  |)()sitive  j^rowth  ratt\  bolstert^d  l)y  both 
U.S.  and  fortM/^n  iiiviMitors.  FattMitinij:  by  fortM.urn  invtMi- 
tors  ^rew  at  an  average  anmutl  rati*  thrcu*  times  that  of 
U.S.  inventors.  (See  appendix  table  (y22.) 


Duriivi  tin*  |)ost-recessi()n  |)(Mi()d  lor  which  data  ar(^ 
availabU*  (U)H:^-8(i).  sc^viM'al  countriis  diMiionstrated  above 
averaJ^e  ^n'owth  in  i)at(Mited  applications,  as  follows: 

•  haly,  14.0  iXMvent  i)(M'y(*ar; 

•  Hel^mim,  11.7  percent; 

•  Japan,  11.4  i)ercent;"''  and 

•  West  (iermany,  8.0  i)ercent. 

But  as  with  patent  ^n'ant  data,  it  was  the  Fast  Asian 
nc^wly  industriali/(»(l  countries  that  (exhibited  the  hi^du»st 
^M'owth  rates  duriiifj  198;)-8(),  as  follows: 

•  Taiwan,  44.4  |)erc(Mit  a  year; 

•  South  Korea,  2\),'^  i)ercent;  and 

•  Wow^  Konfj,  20.0  i)(MV(»nl. 

Although  th(*s(*  ^n'owth  ratt^s  are  buildin^^  on  a  far 
lowiM'  base  of  i)at(Mit  ai)i)lications  than  the  major  industri- 
ali/i»d  countries,  thtw  su^^^^ist  that  these  countrit^s  have 
l)eKnn  to  rt^ai)  benefits  from  their  R&I)  and  technoloK>'- 
|)r()ducin^r  investments. 

Patents  by  Patent  Office  Classes 

A  country's  distribution  of  |)atents  by  ttvhnical  area  pro- 
vides a  kvy  to  understanding^  that  country's  contribution 
to  imi)()rtant  fi(4ds  of  technolo^^.  This  station  C()m|)ares 
and  discusses  tlu^  various  key  ttrhnical  fields  favon^d  by 
inventors  from  various  countries  in  their  U\S.  |)atentin«;. 

Fields  Favored  by  U.S.  and  Japanese  Inventors.''' 

To  sonu^  t*xt(Mit,  then^  is  an  inverse^  r(4ati()nshi|)  Ix^tween 
U.S.  and  Jci|)anes(^  |)atentin^^  (See  ai)i)eiulix  tables  (y-Z] 
and  (v24.)  For  (^xami)U\  Jai)anest»  |)atentin^^  in  ihv  Ihiited 
States  (Mnphasi/es  such  technically  and  comnuMvially 
imi)ortant  technolojjies  as  |)h()t()C()|)yin^^  |)h()t()^n*aphy, 
dynamic  information  stora^a*  and  rtMrieval,  tt^levision, 
motor  vehicli^s.  and  internal  combustion  (Mi^nnes.  All  of 
thes(»  'dvv  technolofjies  in  which  U.S.  coiporatt*  invtMitors 
are  least  active.  It  is  |)r()bably  no  coincidence  that 


Japaiu'SJ'  Mpplii'atioiis  N'ad  lo  Ki'^nits  more  oMcn  than  do  a|)plii'M- 
lioiis  iVoiii  any  ot"  the  otiicr  ouiiiirics  (lisciisscd  Iicn».  !-nr  i'Naiuj)|(*.  an 
cstiinalcd  (IS.!»  iM'ircnl  ol  llic  pali'iit  ai)plii';Hi()iis  filed  by  Jaj)Mii('M' 
iiivrntors  in  IDS.")  will  lead  lo  patent  Kf«*ni!s.  i-oinj)ai'(»(!  to  (if).!)  pcivcnl 
lot' Wi^sl  (ici  inany  and  .1!)..!  pcncnt  lor  the  Tnilcd  States, 

liilot'Mialion  in  this  sci'ticMi  is  based  on  the  l*atenl  Olllee's  liassitk  a- 
lion  sysletn  wliirli  divides  patents  into  approxitnately  ir/O  aelivj-  elass- 
es.  TsinK  tln^  system,  patent  ai'tivity  lor  I'.S.  and  lorei^n  invetUoi's  in 
t'(^eenl  years  ean  he  eoinpai'ed  hy  developing  Jin  (irtirity  iuiirx.  Tills 
index  nieasiM'es  a  eountty's  patenlinj^  ai'tivity  within  a  uiv^'n  liiss,  I'or 
any  j^iveti  year,  the  aetivity  index  is  the  pioporlion  ol  patents  in  a  pur- 
tinilar  class  Kiatiled  lo  inventofs  in  a  speeilie  nnmtry  divided  l)y  llu* 
pi'opoi'tion  of  (ill  i)ateins  Kt'^niled  to  inventors  in  that  ronnliy, 

|)et'aiise  VS.  palentin.u  data  relleet  a  tniieli  iarj^M-r  share  ol  patentiii.ir 
hy  ituiivi(htals  without  eorporate  or  j,M)verninenl  allllialinn  than  do  data 
on  loreii^Mi  patentinJ^^  oid\  patetils  j^M'anled  to  cofporatunis  are  used  (o 
eoiistniet  the  I  '.S.  palenlinj^  aetivit\  indexes 

^Nariti  and  Oiivastro  (HW')  ronjpare  ilie  liehU  einphasj/eil  hy  I'.S, 
and  Japanese  inventors  in  their  l  .S.  palenlitiK';  'il^^^  see  Narin  and 
i'Vaine  (UW). 
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Japanese  penetration  of  U.S.  niarkels  in  many  of  these 
areas  has  followed. 

U.S.  pat(Mit  activity  is  especially  hi^h  in  the  wells  and 
mineral  oils  classes,  areas  that  are  amon^  thos(»  in  which 
du»  Japanese  patent  the  least.  This  inversion  no  doubt 
stems  from  the  difference  in  natural  resource*  availability 
between  the  two  countries.  U.S.  corporations  also 
emphasize  patenting  in  chemical  areas  (including  bio- 
chemistiy);  analytical  and  immunological  chemical  test- 
ing is  a  least  (Mnphasized  class  for  Japan.  Compared  with 
Japanese  patenting  activity,  Americans  ai'e  also  much 
more  active  in  various  biotechnology,  pharmaceutical, 
and  communication  classes. 

Fields  Favored  by  Other  Major  Industrialized  Coun- 
tries, As  with  Japan  and  the  United  States,  i)atent  data  for 
West  (iermany,  Franc(\  and  the  United  Kingdom  show 
each  countiys  emphases  amoiiK  important  technological 
areas.  West  (iei'man  patent  activity  emphasizes  printing, 
ammunition  and  explusives,  and  chemicals  including  fer- 
tilizers and  plastics.  West  (iermany  has  increased  its 
activity  in  these  areas  substantially  during  the  1980-89 
period.  (See  appendix  table  (>-25.) 

French  patent  activity  emphasizes,  and  has  ^nww  in, 
nuclear  techn()h)j(y  and  communications,  (See  appendix 
table  (>2(i.)  The  French  also  show  hifjh  activity  in 
bi()technol().ijy;  this  may  signal  continued  competition  for 
U.S.  biotech  firms. 

Like  the  French,  the  British  are  quite  active  in  the 
biotech  patent  classes  and  communication  technologies. 
(Se(»  appendix  table  (Vll)  Hiey  share  the  U,S.  emphasis 
on  aeronautics.  Like  the  (iermans,  the  British  do  not 
patent  much  in  th(»  Unit(*d  States  in  semiconductor  man- 
ufacturinK,  nor  do  they  particularly  patent  in  an^as  of 
Japanese  emphasis,  such  as  dynamic  information  sloi'afje 
and  retrieval  and  photoKi'aphy. 

Fields  Favored  by  Newly  Industrialized  Countries. 

For  the  first  time  in  the  Science  &  FnfjineerinK  Indicators 
series,  patent  activity  data  are  presented  for  two  of  the 
more  successful  newly  industrialized  countries,  Taiwan 
and  South  Korea.  (See  appcMulix  tables  (>28  and  (>29.) 
Their  recent  patent  activity  in  the  United  States  can  be 
seen  as  an  indicator  of  areas  of  technological  develop- 
ment as  well  as  a  leading  indicator  of  U.S.  product  mar- 
kets lik(*ly  to  see  increased  competition. 

Taiwan  illustrat(*s  th(*  movement  of  the  n(»wly  indus- 
trialized countries  to  new  technology  development  and 
improvement  of  previously  established  tc^chnolofjies. 
As  recently  as  1980,  patent  activity  by  inventors  from 
Taiwan  in  the  United  States  was  predominantly  in  the 
area  of  toys  and  other  amusement  devices.  By  1989, 
however,  Taiwan  was  (Mnphasi/infj  more  highly  techni- 
cal classes,  nv(MvinK  i)atents  in  such  an^as  as  commu- 
nications technology,  semiconductor  manufacturing 
processes,  and  int(M*nal  combustion  (MifjiiK^s. 

U,S.  patenting  by  South  Korean  inventors  is  heavily 
concentrated  in  the  patent  classes  that  include 
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electrical  products  and  electronic  component  technolo- 
gies, hi  fact,  patents  in  these  areas  account  for  about 
half  of  the  top  30  patent  classes  in  which  South  Korean 
inventors  arc  most  active.  Although  Korea  has  hifjh 
activity  in  less  technologically  si^nifica' t  areas  such  as 
chairs  and  seats  and  amusement  devices,  it  is  also  very 
active  in  such  commercially  important  technologies  as 
semiconductor  devices  and  computer  peripheral  equip- 
ment. South  Korea  is  already  a  major  supplier  of  com- 
puters and  peripherals  to  the  United  States,  and  these 
I)atent  activity  data  show  that  the  country^s  inventors 
may  be  developing  the  improvements  that  will  support 
Korea's  future  competitiveness  in  this  technoloj^y.'-' 
South  Korea  also  patents  heavily  in  the  United  States  in 
tel(»visi()n  t(*chn()lo^7,  and  has  made  di'amatic  K^ins  in 
penetrating  this  U\vS.  market  (LFA  1991,  p.  31-3).  (See 
^Television  Technologies,"  p.  152,) 

Patents  by  Standard  Industrial  Classifications 

As  an  alternative  to  the  U.S.  Patent  Office's,  system  for 
classifying  inventions,  patents  can  also  be  classified  by 
Standard  Industrial  Classification  (SIC)  industries.-^" 
Kxcept  for  a  moderate  increase  in  the  drufjs  and 
medicines  industry,  the  U.S.  shai'e  of  patents  dropped  in 
the  remaining  nine  industries  shown  on  appendix  table 
(>3().  The  di'op  was  especially  RVvni  in 

•  Office,  computing,  and  accounting  machines — from 
()1  pei'cent  to  44  percent, 

•  Motor  vehicles  and  other  transportation  equip- 
ment— from  53  to  41  percent, 

•  (Communication  equipmcMit  and  electronic  compo- 
iif.  fits — fi'om  ()4  to  49  perc(*nt,  and 

•  Airci'aft  and  parts — from  51  to  44  percent. 

The  falloff  in  these  industries  was  not  due  to  a  decline 
in  U.S.  patenting — which  increased  significantly  from 
1980  to  1989  in  these  and  other  important  technology 
classes — but  I'athei'  to  a  more  I'apid  I'ate  of  inci'ease  by 
inventors  from  Japan,  Canada,  Taiwan,  and  South  Koi'ea. 
Overall,  the  share  of  U.S.  patents  held  by  inventors  from 
West  (iermany,  France,  and— in  particular — the  United 
Kingdom  declined. 

Japan's  share  of  U.S.  pat(Mits  approximately  doubled 
from  1980  to  1989.  goiuK  from  12  to  21  percent  of  the 
total.  The  Japanese  share  increased  in  (»ach  of  the  10 
industries  shown,  with  an  especially  lar^e  increase*  in 


'Soutli  Korea  was  the  filth  larj^cst  torci^^ii  suppliiT  ol'  foiiipiiti'rs  and 
IH-riplicrals  to  tlu*  Uiiitiul  S'ai  's  in  \mi  Sih*  ITA  {m\).  \).  2^2,  and 

'  ill  this  I'lassillratioii  system.  viicU  patciM  tiass  is  associated  with 
thi"  SIC  iiKhisiry  that  would  prothia'  the  class's  j)ro(hi(;t  or  apparatus 
or  carry  out  its  proci'ss  sli-ps.  Sei'  iVlAV  (HISTi).  p.  'H).  The 
Concordance  coiiipiili'i  program  iiiainlained  hy  thi'  Patent  Office  con- 
verts pai  ;  *  counts  fi'ofu  the  Patent  Office  classification  system  into 
counts  in  'ei  «  ^s  ol  the  \\^72  SIC  system.  This  section  focuses  on  inter- 
national t  )inparisons  of  10  coinini'rcially  siKullcant  SIC  industries; 
these  ari"  isti'd  in  appendix  table  {>M). 
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Chapter  6.  Technology  and  Global  Competitiveness 


Television  Technologies 


In  1923,  U.S.  inventors  revolutioniml  information 
transmission  with  the  television  receiver.  Thirty-one 
years  later,  U.S.  inventors  ushered  in  a  new  era  of  tele- 
vision technology  with  color  TV.  U.S.  manufacturers 
went  on  to  dominate  the  consumer  markets  for  televi- 
sion-related products,  supplying  90  percent  of  the 
American  market  in  1970  (see  Council  on  Competi- 
tiveness 1988).  Since  then,  U.S.  leadership  as  an  inno- 
vator in  television  technologies  declined:  subsequent- 
ly, so  did  its  share  of  the  consumer  products  market 
for  television  products.  Japan  then  became  the  locus  of 
television-related  innovation;  it  soon  became  the  rec- 
ognized suppliei'  of  high-quality  products  in  television 
and  many  other  electronics  products. 

Now  South  Koi'ea  is  also  emerging  as  an  innovative 
force  in  this  field.  Between  1980  and  1989,  South 
Korean  inventors  received  a  total  of  22  patents  for  tele- 
vision-related technologies.  All  of  these  were  granted 
during  the  last  4  years  of  the  period:  1  in  1986,  5  in 
1987,  6  in  1988,  and  10  in  1989.  The  10  patents  awarded 
to  South  Korean  inventors  in  1989  tied  them  with  Italy 
for  a  seventh-place  rank  in  that  commercially  important 
technology  field.  Moreover,  one  of  Korea's  largest 


office.  com|)Uting.  and  accounting  macliines  {rising  from 
17  to  40  i)ercent).  .Iai)anese  i)atenting  in  this  field  nearly 
readied  the  level  of  U.S.  domestic  i)atenting.  Large 
increases  in  Ja|)anese  i)atenting  also  occurred  in  commu- 
nication eciuipment  anrl  electronic  comi)onents  (from  If) 
to  :il  i)ercent)  and  in  motor  vehicles  and  equipnuMit 
(from  1(1  lo:i2  |)ercent). 

The  Canadian  share  of  U.S.  ])atents  incn^ised  slightly 
()V(MMhe  |)en()(l  (from  1.7  to  2.1  i)ercent).  with  tlie  great- 
est share  increases  in  drugs  and  medicines,  industrial 
inorganic  cliemicals»  and  i)lastics  and  synthetic  resins. 

Although  the  uumbcn  of  U.S.  patents  granted  to  inven- 
^)rs  from  W(»st  (Jermany.  tlie  United  Kingdom,  and 
l  i  ance  increased  between  liKSO  and  198!).  their  ,s7/r/;r.s  ol 
totp.l  |)al(Mits  granted  declined.  Of  the  10  conmiercially 
im|)ortant  industries  (^xamined,  tlie  West  (icM'uian  siiarc* 
fell  ill  (>.  Tlie  I'Vencli.  whose  overall  sliare  (lroi)i)e(l  the 
I(*ast  among  these  tlii'ee  countri(^s,  also  lost  shares  in  (i 
ol  tlu^  10  |)r()duct  fields,  and  dn)|)i)e(l  sliar|)ly  in  2  of 
'lesc.  iiiotoi*  veliicles  and  aircraft  and  i)arts.  The  nuni- 
of  U.S.  |)at(Mits  granted  to  British  invcMitors 
incrt^ascd  tlie  least  of  the  three  in  this  year-to-year  coni- 
|)arison:  consequently,  the  United  Kingdom  deelincMl 
tlu*  most  in  terms  of  slian^  ol  total  iiatents.  The  British 
share  fell  in  8  of  die  10  commercially  imijortaiit  indus- 
tries, and  fell  sliar|)ly  in  I, 

The  newly  iiidustriali/ed  countries — T;ii\vaii  and 
South  Korea  in  particulai— once  again  showed  tli(^  most 


manufacturers  of  television  sets  recently  purchased  a 
5-percent  share  of  the  Zenith  Electronics  Cori)oration, 
the  only  U.S.-owned  maker  of  televisions.  Zenith  also 
concluded  licensing  agreements  that  provided  the 
Korean  firm  with  access  to  Zenith's  picture  quality 
enhancement  technology  {New  York  Times  1991). 

The  television  technologies  market  seems  on  the 
verge  of  I'evolutionary  change  with  the  advent  of  high- 
definition  TV  (HDTV).  HDTV  has  attracted  much 
attention  from  U.S.  policymakers  and  has  been  repre- 
sented as  a  pivotal  technology  that  could  provide  the 
vehicle  for  reestablisliment  of  a  U.S.  industry  foothold 
in  the  consumer  electronics  market  (Senate  Com- 
mittee on  Governmental  Affairs  1989).  As  noted,  the 
United  States  currently  claims  only  one  U.S.-owned 
manufacturer  of  consumer  televisions.  (There  are, 
however,  several  foreign-owned  television  manufactur- 
ing plants  in  the  United  States.)  But  the  potential  com- 
mercial value  of  the  HDTV  market  and  from  other 
product  markets  that  will  incorporate  HDTV  technol- 
ogy may  entice  further  U.wS.  business  activity  in  diis 
field  (see  OTA  1990  and  American  Electronics 
Association  1988). 


dramatic  increase  in  U.S.  i)atent  activity  in  1989. 
Altliougli  their  shares  of  total  patenting  remain  quite 
small,  it  is  nott^wortliy  that  their  growth  appears  to  have 
taken  i)lace  in  the  more  commercially  inii)ortant  tech- 
nologies. For  exanii)le,  in  1989  inventors  from  Taiwan 
were  granted  seven  i)atents  in  the  aircraft  and  parts 
industry  and  six  in  the  engines  and  turbines  industry 
conii)are(l  with  one  and  two.  respectively,  in  1980.  Tlies(^ 
are  two  industries  in  which  tlie  United  States  has  histori- 
cally been  veiy  strong  both  in  inventive  activity  and  in 
global  market  share.  South  Korea,  as  noted  earlier,  is 
very  active  in  television-related  technologies.  (See 
"Television  Technologies."  above.) 

Products  from  Taiwan  and  South  Korea  currently 
comi)ete  with  U.S..  jaiianese.  and  Kuro|)ean  |)roducts  in 
the  marketplace,  Their  recent  |)atent  activity  portends 
even  greater  comi)etition  in  the  marketi)lace  in  the  not- 
too-distant  futiu*(\ 

Citations  From  Patents  to  Previous  Patents 

Not  all  |)atents  are  equally  signitlcant.  One  method  for 
gauging  the  relative  values  of  different  i)atents  is  analysis 
of  interi^itent  citations.  Tliesc^  citations,  generally  provid- 
ed on  the  front  i)age  of  a  |)atent  document,  reference  i)re- 
vious  |)atents  and  are  sui)pli(Ml  by  the  |)atent  examiner. 
These  citations  indicate  the  "i)rior  art."  i.e..  tli(*y  disclose 
technology  in  related  fields  of  invention  that  sliouki  be 
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taken  into  account  in  jiKl«in«  tin*  novelty  and  "patent- 
ability" of  the  present  invention.  TluM-efore.  the  ninnlxM* 
of  citations  that  a  patent  receives  from  the  front  pa^es  of 
subsequent  patents  can  sei^ve  as  an  indicator  of  tlu^  orifji- 
nal  patent's  technical  importance. 

Citation  to  Patents,  by  Country.  Of  the  10  counti  ies 
that  received  the  most  patents  frt)m  1980  to  1987, 
Japanese  pattMits  wert*  most  often  cit(*d  and  wimv  cited 
with  increasinji  relative  frequency.  (See  lext  table  (v2.) 
U.S.  patents  were  citt^l  second  most  frequently,  with  the 
United  Kingdom,  The  Netherlands.  Canada,  and  West 
(lermany  following  behind. 

These  data  suKfjest  an  order  of  technical  significance 
for  the  patents  jiranted  to  these  countries.  However,  the 
frequency  with  which  a  country's  patents  are  cited  is 
(explained  in  part  by  the  technical  fields  in  which  it 
receives  patents.  Interpatent  citation  is  more  frequent  in 
some  fields  than  in  others,  and  some  countries  (e.«.. 
Japan  and  The  NetluM'lands)  concentrate  tluMr  patenting 
somewhat  in  fields  whe'e  citation  is  more  frequent,  but 
not  necessarily  more  technologically  valuable. 

To  correct  for  this,  the  data  on  text  ta'jle  i>2  can  be 
adjusted  by  ^ivin^  eveiy  countiy  tiie  same  distribution  of 
patents  by  SIC  field,  i.e..  [hv  distribution  that  applies  to 
the  United  States.  The  resulting  citation  frequencies  per 
pat(Mit  for  the  1980  data  are  as  follows: 

•  Japan. 

•  United  States.  IIM; 

•  Canada.  1^.97; 

•  United  Kingdom.  2.94; 

•  The  Netherlands.  2M\ 

•  Sweden,  :i.«l; 

•  rVance, 

•  West  (iermany.  2M\ 

•  Switzerland.  2.r)0;  and 

•  Italy.  2,?yi. 

Thus,  although  thtM'e  are  sonu*  changes  in  th(^  ranking 
of  countries.  Ja|)an  n^nains  fii'st  and  the  I'nited  States 
second  in  interpattMit  citations. 


C'ai'|H'tU(M\  Nariti.  and  W'ooll  show  llial  hHliiiolo^uirally 

imporlatU  palctils  on  a\'(M','i,m'  n^^'ivj  iwii^-  as  tiiaiiy  ol  llicsj'  j-xaiii- 
inrrs'  rilaliotisas  (1(m's  ihc  avcifLUc  palciil,  Jliiis  lu'lpitiK  lo  i-oiitinii  the 
valirlily  of  inlcrpah'iil  rilalloii  as  ati  iiidii'alor  ol  i)aU'iil  (|iialily. 

In  addition  lo  cxaniinct  s'  i  ilaiiJUis  im  llu-  front  »)f  \\\v  patent  doiMi 
nicnt.  llict'c  arc  'ilso  citations  from  within  ih<'  (loi'tniiriil.  pi-ovidc^l  by 
the  ai)i)ru'ant.  to  i  arlicr  patents.  Patents  rereivin.tr  hi^li  nnnd)ers  ol 
examiner  eitatirins  also  lend  lo  rei  »Mve  hlKli  mmil)ers  of  applieaiil  cita- 
lions.  See  Carpenter  and  N'arin 

Text  table  iKl  sjiows  '^lUTt'ssiv*'  sharj)  increases  in  the  nnmher  of 
eilations  per  patent  as  Ihe  patents  vrmw  ohh'f.  These  increases  (M*cnr 
because  newe-r  patents  have  had  fewer  years  in  uhich  U)  l)e  cited,  not 
i)ec;iiis<»  ot  any  ^,'eiieral  (h-cline  in  the  ()italily  of  patents.  Data  on  i  ita 
lions  received  per  jiatent  are  lecorded  as  »)f  end  of  VJX\K  COn- 
sequeiHly.  the  data  shown  for  HJSV  are  especially  incomj)lete. 
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Citation  to  Patents,  by  Country  and  Industry^ 

The  macro  approach  just  discussed  can  yield  distoilions 
when  used  in  international  comparisons.  These  distor- 
tions are  caused  by  the  different  mix  of  industries  in 
which  a  nation  tends  to  patent  and  the  differinjj  propensi- 
ties of  those  industries  to  patent.  Industiy-level  compar- 
isons of  citation  rates  help  to  refine  the  examination  of 
the  value  of  a  countiy  s  patents  in  the  United  States.'' 

Japanese  patents  wvw  the  most  hijjhly  cited  in  patent 
fields  associated  with  (i  of  IH  industries:  vhey  were  the 
most  highly  cited  in  10  industries  when  only  foroijjn- 
owned  patents  ai'e  considertnl.  Industries  in  which 
Japanese  patents  were  hijjhly  cited  are  largely  similar  to 
those  industries  in  which  Japanese  products  are  hifjhly 
competitive. (See  appendix  table  (y\\2,)  British-owned 
patents  wimv  the  most  highly  cited  in  \\  of  the  10  industnes 
and  in  4  when  comparinjj  just  foreign-owned  patents. 
French  and  Wt^st  (lerman  patents  were  each  the  most 
highly  cited  in  only  one  industry. 

U.S.  patents  j^ranted  were  most  hifjhly  cited  in  I)  of  the 
10  industries.  Patents  for  dru^s  and  medicines  were 
especially  strong,  but  familiarity  with  the  procedures  and 
requirements  surrounding  the  developnuMil  of  such 
products  for  U.S.  consumption  may  contribute  to  U.S. 
superiority  in  this  field. 

Citations  to  U.S.-Owned  Patents,  by  Sector  of 
Owner.  U.S.  corporations  own  the  patents  liiat  are  most 
often  cited,  while  patents  owned  by  the  U.S.  (jovernment 
and  by  U.S.  individuals  are  cited  least  often.  {See  text 
table  (>-2.)  U.S.  corporations,  in  1975  and  1980,  received 
patent  citations  as  often  as  did  Japanese  holdtTs  of  U.S. 
pattMits.  Since  almost  all  Japanese  patents  filed  in  the 
United  States  are  owned  by  corporations.  '''  it  may  be 
m())'(*  appropriate  to  compare  the  citations  received  by 
Japanese  (and  other  foreign)  patents  with  those  received 
by  U.S.  corporation-owned  patents.  By  this  measure. 
U.S.  patents  were  cited  a  bit  more  often  than  Japanese 
patents  in  197fi  and  1980  but  somewhat  less  often  when 
considtM'in^  the  m()re  rirent  and  limited  data  of  198,5  and 
1987.  Foreijjn-owned  U.S.  patents  have  citation  rates 
slij^htly  below  that  of  U.S.  corporate-owned  patents  but 
greater  than  all  othei'  owner  sectors. 


This  discussion  is  hascd  on  an  I'xamination  of  the  citation  rales  of 
patents  granted  in  VM)  in  diflerent  industries;  these  industries  are 
lisied  in  appendix  lahK' 

'Of  course,  even  an  industry  i  'el  analysis  is  disiortcd  somewhat  by 
the  diversity  of  product  patents  and  their  citation  proi)ensiti<^s  within 
that  itidusti\, 

Japanese  paletns  related  to  the  aircrall  atui  parts  industry  wi-re 
also  hi^ldy  cited,  hut  data  in  ihis  tleid  are  contoinided  i)y  ihe  ditllculty 
of  distjuKnishinK  Jiiicraft  inventions  Irom  those  in  more  convenrunial 
iranspoi'talion  technolo^iiies.  such  as  motor  vehiides.  See  Patent  and 
Trademaik Office  iW^). 

In  I'.K'^V.  \H)  pi'n^enl  of  the  I'  S  palj'tils  .irratUt d  to  Japanese  inven- 
l<irs  were  owned  i)y  lor<'i^n  corporations,  virtually  all  ol  which  \\^n\\(\ 
l)e  Japauj'sr.  Atiotln't'  percent  Were  owned  l)>'  h)reiKii  imli\'iduals, 
and  1  j)crcent  had  Ame'  iean  owners. 
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Text  table  6-2. 

Citations  from  U.S.  patents  to  earlier  U.S.  patents,  by  country  of  inventor  or  sector  of  owner  of  cited  patents 


Country  of  inventor 


Grant  year  of    United  The       United  West 

cited  patents    States  Japan    Netherlands  Kingdom  Germany 


Canada      France  Switzerland  Italy 


Average,  all 
Sweden  countries 


1975                4.25  4.30  3.87  3.93 

1980                3.58  3.79  3.28  3.12 

1985                 2.07  2.66  1.70  1.79 

1987                 1.01  1.30  0.84  0.82 


Citations  per  citable  patent 

3.55          3.65          3.35  3.19  3.21  3.54  4.05 

2.86         2.85          2.82  2.73  2.66  2.62  3.39 

1.69          1.65          1.61  1.62  1.57  1.52  2.06 

0.75          0.78          0.77  0.73  0.64  0.61  0.99 


Sector  of  owner,  for  U.S.  inventors 

All                         U.S.                      U.S.  U.S. 

U.S.  inventors             corporations            Government  individuals 

Citations  per  citable  patent 

1975                                     4.25                        4.49                         3.29  3.66 

1980                                    3.58                       3.88                         2.81  2.90 

1985                                     2.07                        2.25                          1.66  1.57 

1987                                     1.01                        1.10                         074  0.77 

NOTE:  Numbers  shown  will  increase,  especially  those  for  more  recent  years,  as  patents  continue  to  receive  more  citations. 


Foreign  owners 


4.36 
3.87 
2.07 
1.01 


SOURCE:  Computer  Horizons,  Inc..  unpublished  tabulations  (1990). 
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Diffusion  of  Technology  in  the 
Industrial  Sector 

Hislorically*  the  U.S.  iiiaiuifacluriiij^  bast'  has  operated 
in  state-ol-the-arl  factories  iisinj^  cuttiiij^  edj^e  techiiolo- 
il'ws  to  produce  manuracUires  more  efficieiUly  than  its 
competitors.  This  advantaj^e  has  been  a  key  factor  in  the 
Nation^s  world  economic  success  (see  Council  on 
Competitiveness  U)91  and  Wolf  U)91).  Moreover.  U.S. 
industiy  s  incorporation  of  the  newest  ttrhnoloj^ies  in  its 
manufacturing  operations  has  j^iven  its  workers  a  sub- 
stantial ed^H'  in  productivity.  Recently,  however, 
improvenuMits  in  U.S.  productivity  j,n'owth  have  laj^j^ed 
behind  those  of  several  other  industrialized  countries 
(see  P>LS  U)89).  (Set^  tl^nirt^  (vlil.)  American  industiy  s 
failure  to  reinvest  adequati^ly  is  ofttMi  cited  as  a  leadin.k' 
cause  for  this  decline  in  productivity  (see  Wolf  U)9l). 
Since  1980  amonj,'  the  major  industrialixed  countries,  the 
lar^'est  increases  in  manufacturinj^  productivity  were 
re^nstered  in  tlu^  Unitt^d  Kin^^dom  (S^.f)  percent),  Japan 
(54.4),  and  Italy  (47.7).  U.S.  productivity  increased  4().r) 
percent  during'  the  same  period  (1980-89).  Althou^di 
West  (iermany  (IT)  percent)  and  Sweden  (20.9)  undiM'- 
performed  die  United  States,  their  success  in  the  inter- 
national marketplace  lends  evidence  to  thc^  importance 
of  other  factors  in  buildinj^  competitive  economies. 

Industrial  Use  of  Technology 

hi  1985,  a  report  by  th(^  President's  Commission  on 
hidustrial  Conipetitiveni^ss  str(*ss(^(l  [\\v  importance  for 
U.S.  industrv's  investment  in  the  lat(^st  technoloKMes  and 

ERLC 


their  rapid  incorporation  into  UVS.  manufacturing'  opcM'a- 
tions  (PresidiMit's  Commission  1985).  Recently,  the 
Deparlment  of  ComnuMve  sumyed  \()S^2C)  i  i-cuifactur- 
in,u  establishments  concerning'  their  current  and  planned 
use  of  advanced  technolo^i^y.  The  establishments  were  in 
five  major  industrial  jjroups — fabricated  metal  products 
(SIC  :54),  industrial  machineiy  and  equipmeiil  (SIC 
electronic  and  other  electric  equipment  (SIC  :i()),  trans- 
portation equipment  (SIC  :>7),  and  instruments  and  relal- 
ed  products  (SIC  :i8).  '  Manufacturing  eslablishnuiits 
within  these  five  catej^ories  accounted  for  nearly  half  of 
all  employees  and  value  added  in  the  United  States. '"^ 

The  sui^vtyed  companies  wvw  asked  for  information 
on  tlieii*  current  or  planned  use  of  17  technok).ijies  in  the 
followinj^  areas; 

•  Desij^ni  and  enj^inedinj^  C!  technolo^nc^s), 

•  Fabricalion/machininj^'  and  ass(Mnbly  (5), 

•  Automated  material  handling'  (li), 

•  Automated  sensor-based  inspection  and/or  testinj^ 
(2),  and 

•  Communication  and  control  (5). 

ApptMidix  table  ()-;)4  lists  all  17  advanced  tivlinoloj^ies. 

The  ^iii\cv  was  pel linincd  l)y  llir  liidiislry  Division  i»l  tlx*  liiirraii 
ol  ihc  CViisus.  (S(M-  Ijinvaii  ol  llic  C'rtiMi^  1!)S!).)  Surveyed  e^lahlisli- 
nieiiN  had  or  more  eiiiplnyees  and  ucre  ^elei'led  to  represcill  llu' 
loial  iitiiverse  ol  alniosl  KMMH)  tiiaiiuladiiniiK  osiablislinients  classified 
in  SlCs.'l Moils. 

'Cnvera,Lie  eslimales  uer<'  derived  Iroiii  the  n>S<  C'disiis  ot  Nhinii- 
ladnres.  See  lUirean  ol  ihe  Census  ( 
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Figure  6-21. 

Manufacturing  productivity  growth  rates:  1980-89 


United  Kingdom 
Japan 
Italy 

United  States 
France 
Sweden 
West  Germany 


Average  annual  growth  rate  (percent) 
See  appendix  table  6-33.        Science  &  Engineering  Indicators  -  1991 


Nearly  70  pn'cviit  ol*  tin*  i^stablisliiikMits  survt\V(xl  iiuli- 
catt^d  that  thc7  cumMitly  usr  at  least  1  of  tin*  17  advaiKvd 
ti^dnioloKirs  in  tlieir  niaiuitacturinu  opiTatioiis;  \)vv- 
ctMit  reported  use  of  T)  or  more  tecliiioloj^ies. Sevei'al 
eliaraet(Misties  s(hmii  to  l)e  assoeiated  with  i^slalMisliineiits' 
use  of  advaiieed  teehnoloj^y.  Foi'  iiistaiiei*,  most  large 
plants  (79  p(MVeiit)  n^poiled  widespivad  use  of  ad\'aiiei^d 
teelinoloj^ies — that  is,  usi*  of  fivi*  or  more — eompared 
with  just     pereeiit  of  tlie  small  establishiiunitsJ'' 

Market  value  of  the  establishment  s  output  also  ap- 
pt^ared  to  inlluiMiee  dej^ree  of  teehiiolo^iy  use.  Kstab- 
lishments  produeinji;  j^oods  with  market  unit  priees  of 
•SHKOOO  or  more  had  the  hi^Jthi^st  probability  of  usinj^ 
advaneed  teehnolo^fies  (82  piMVent  used  at  U^ast  onv). 
and  (^^tablishm^Mlts  whost^  output  had  a  market  unit 
price  of  under  Sf)  had  tlu^  lowi^st  probability  (OS  ptM'eent). 
Of  establishments  with  products  betwtH'ii  tlu^st^  two 
price  extremes,  about  thre(KiuartiM's  reported  use  of  at 
least  one  advanced  technoloj^y. 
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those  conducted  in  Canada  and  Australia— were  mod- 
eled after  tin*  U.S.  survey.''  Despite  their  dissimilarities* 
th(»  Canadian  and  Austi'alian  siu^veys  provide  an  interna- 
tional context  within  which  [hv  U.S.  survey  data  can  be 
examiiu^d,  albeit  cautiously.  For  (»xampk\  against  the 
U.S.  llndin^^  that  tt^chnolo^^  use  is  positively  inlluenced 
by  plant  si/:i\  the  results  from  tlu^  Australian  suivey  may 
b(»  "ai'tificially"  low.  Thv  Canadian  and  Australian  sur- 
veys also  yielded  ctM'tain  (|ualitative  information  not 
dev(^lop(^d  in  the  U.S.  suiwy  that  can  contribute  to  an 
understanding^  of  technolo^7  use  by  U.S.  industiy. 

Compared  with  Canada  and  Australia,  a  si«:nificantly 
higher  perciMita^e  of  U.S.  manufacturers  use  advanced 
lechnolojjy  in  tluMr  operations.'-  (Set^  appendix  table  (w> I.) 
In  the  U.S,  survey  of  live  major  industries,  (i8  percent  of 
till*  manufacturing  (establishments  reported  use  of  at  least 
OIK*  advanced  teehnolojjy  in  theii'  optM'ations.  Kt^sults  from 
the  Canadian  and  Australian  surveys  of  all  manufacturers 
show  use  of  at  least  oik^  advanct^d  technolo^^  by  4;-l  per- 
cent and  ?)A  ptMVtMit  of  ivspondents*  respectively. 

The  most  commonly  used  of  the  17  advanced  terhnolo- 
j^ies  in  U.S.  manufacturin^r  is  the  numtM'ically  controlled 
machine,  usiul  by  41  percent  of  tin*  surv(7ed  (estab- 
lishments. Next  most  used  was  computer-aided  desij^n 
and  en^nneerin^^  technolo^^y  (CAD/CAK)  which  was 
reported  in  ust*  by  ;^j9  ptMVent  of  the  establishments.  (See 
lljiure  {>22.)  Plants  over  30  yt^ars  of  a«:e  were  mori*  likely 
to  use  numerically  controlled  machiiu^s  than  wert*  plants 
under  5  years  of  a«:e  (50  ptMVent  versus  ?)7  percent). 
When  U.S.  manufacturers  wen*  asked  which  of  the  speci- 
lu^d  advanced  techn()lo«:ies  tlu7  planned  to  use  over  the 
ni*xt  T)  yi^ars,  they  selected  thost*  relat(*d  to  computtMiz- 
inj^  their  production  opiM'ations.  Topping:  the*  list  of  such 
technologies  were  computtM's  used  for  control  on  tlu*  fac- 
tory tloor.  Coupled  with  present  use  of  this  technology, 
witliin  T)  years  50  perc(*nt  of  tht*  manufacturin^r  plants  will 
be  usinjj;  computers  for  controlling  factoiy  operations. 

In  the  Canadian  sumy,  projirammable  controlk^r  tech- 
nolojjy  had  the  hij^du*st  incidence  of  curn^nt  use,  follow (»d 
by  CAD/CAK  technolojjy.  Lik(*  their  U,S.  counterparts* 
Canadian  manufacturtM  s  planned  to  increase*  their  ust*  of 
CAD/CAK  technolojiy  over  the  next  5  years,  making:  it 


' 'riit'  CaiKi(li:iii  siiivcy  \\a>  rotuliuMrd  in  Mari'h  19Sli  |)ari  ol  a 
iiioiilhly  iii(hisir\'  suivcy.  Il  was  Canada's  sci-uiul  sinvcy  ol"  nianulac- 
\\\\'\\\^  hrhnoloKy  use  aiul  covered  iho  use  ol"  22  advanced  leclinolo- 
.i^des  (ilu*  llrsl  r/  an*  those  used  in  the  T.S.  survey)  hy  iuatuitacturin,i4 
l)lanls  in  Cattada.  The  Australian  survey,  also  conducted  in  (|uev 
tioned  niatuiiaciurers*  "acciuisiiion"  rather  than  "use"  ol  l!i  advanc<"d 
technoloK'i»'s  {17  ol"  these  ar(»  coinparahle  to  those  in  the  l\S.  MiiTey). 
Tnlike  (he  I'.S.  and  Canadian  surveys,  whicii  excluded  nianulacturin^ 
plants  that  I'Uiployed  fewer  than  *jn  peo|.dc.  the  Australian  survey 
included  smaller  UKinulaclurers  and  excluded  only  those  eniiiloyin^^ 
lewer  than  10. 

Another  possihie  soura-  ol  bias  lo  he  aware  ol  in  coiuparin^^  the  find- 
invr^  of  the  lhre«'  surveys  the  rlilt'eretices  in  <ainpie  universes.  The 
r,S.  survey  saiui)led  estal)li»duuents  Ironi  li\'e  SK's  which  included 
many  hi^dM(vh  industries;  Australia  and  Canada  suiTeyed  all  nianulac- 
lurers. 

'  riiis  diHeren(^e  may  siuiply  be  due  lo  dillerences  in  the  sampled 
|)o|)uIations  oMhe  ihree  surveys. 


International  Comparisons  of  Technology  Use 

Surveys  of  technoloj^y  us(*  in  manufacturinj^  have 
bei*n  conducted  in  many  other  c()untri(*s;  two  of  these — 

hilornialion  on  the  extent  ol  use  was  not  .gathered  by  tin-  survey, 
'Ihus,  esiablishnienls  usiuM  1  robot  are  not  ditterenlialed  troui  those 
nsiuK  100. 

'  The  r.S.  siu'vey  delined  latf^c  plants  as  eslablishiuents  with  r>t)()  or 
iiu»re  employees  and  small  plants  as  esiablishnienls  with  under  HH) 
employees. 

ER?C 
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Figure  6-22. 

U.S.  manufacturers*  use  and  planned  use  of  advanced  technologies 


Design  and  engineering: 

CAD/CAE 
CAD:  mfg  machine  control 
CAD:  procurement 

Fabrication/machining  and  assembly: 

Flex,  mfg  cells/systems 
Numerically  controlled  machines 

Lasers 

Pick  and  place  robots 
Other  robots 

Automated  material  handling: 

Automatic  storage/retrieval  systems 

Automatic  guided  vehicle  systems 

Sensor-based  inspection/testing: 

On  incoming/process  materials 

On  final  product 

Communication  and  control: 

LAN  for  technical  data 

LAN  for  factory  use 
Intercompany  computer  network 
Programmable  controllers 
Computers  for  control  on  factory  floor 
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See  appendix  table  6-34. 
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the  most  widi^ly  used  of  llu^  17  advaiUHMl  technoloKi^'s  iti 
Canada,  with  (^vtMitual  use  by  2\)  ptTaMit  of  niaiuifactur- 
(»rs.  Wh(Mi  askinl  which  of  the  17  ti^chnoloKii^s  tht^y 
plaiiiuMi  lo  usi^  in  ihi^  lu^xt  years.  Caiia(Haii  inaiuifactur- 
vvs — Wkr  (hiMr  U.S.  counlerparts — selected  conipiiters 
for  coiilrol  on  the  factoiy  floor.* ' 

I'or  all  17  advanced  technologies  common  to  thi^  thnM* 
siimys,  Australian  maniifacturiM's  reporti^d  accjuisition 
siKnificanlly  below  tlu^  usf^  n^porli^d  by  II-S.  manufactur- 
ers." The  pro^n'aiumable  electronic  controller  had  the 

'  As  cai'lirr.  ihc  Canadian  survry  cjiicstionrd  inanufaclMnTs 

(Jii  L^L^  advaiirt'd  tcrliiiuloj^drs.  Twn  niainitai  liiriiur  iiitoi  iiiaiinn  sysH'iiis 
t<'cliiinlnj^i«*s  thai  (lid  nut  apiM'iir  on  dw  I  '.S.  siincy  wrrr  sclirtcd  ninst 
oltcn  by  Canadian  niainilariiirciN  as  the  icrhnnloj^nrs  dit^y  planned  to 
ti^-r  in  the  lnttn*<'.  Tlirsc  two  were  followed  by  conipiitors  lor  control  on 
the  lactoiT  Iloor. 

''Au«'tin.  the  AnMralian  sum-y  inrlnded  sinaller  linns  lhan  did  Ihe 
r>.  and  Canadian  stndii-s.  ll  aNo  dillcicd  by  snm-yin^  arquisttiou  ol 
advanced  technoln^Mes  rather  than  f/.sr, 


hi^ht^st  accjuisition  rati*  of  any  of  th(*  technologies 
included  in  the  Australian  sumy:  14  piMreiit  of  manufac- 
turing t^stahlishnK^nts  had  this  technology.  CAH/CAH 
ttrhnolo^y  also  had  a  rt^lativi^ly  luKh  acfjuisition  rat(\ 
This  technology  toppi^d  the  list  for  purchase  over  the 
next  S  yc^ars.  which  would  mak(*  it  tlu*  most  prevalent 
technolo^n,'  in  Australian  manufacturing^ 

'Hk^  ILS.  and  Canadian  surviys  soliciti^d  information  on 
n^asons  why  manufactin'(U's  did  not  use  those  advancc^d 
ti^chnoloKics  thai  tluy  rc^porled  U^ast  fn^cjuiMitly.  (Sen* 
apptMulix  tabl(^  (KiSj  Both  U.S.  [^v\  p(Mrent)  and  Cana- 
dian (79  p(TciMit)  manufacturers  stated  that  matiMMals 
working  lasi^rs  wim'(^  not  applicable  to  their  |)arlicular 
maiuifaclurinK  optTations.  hi  Canada,  pick  and  plac(* 
robots  W(MV  citi^l  as  not  providin.^  enough  biMiefits  to 
()UtW(MKh  the  cost  of  th(Mr  incorporation  into  maniifactur- 
itiK  op(M'ations.  U.S.  maiuifacturers  providcul  tin*  same* 
n^ason  for  non-usi^  of  automatic  Kuidi^d  vc^hide  syslmis. 
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Finding  skilled  iHM'soiiiiel  to  work  in  niaiuifacturiiiK 
operations  that  are  becoming  increasingly  sophisticated 
technologically  is  a  problem  often  reported  by  U.S. 
industry,  hiforniation  from  the  Canadian  and  Australian 
sui^veys  showed  that  manufacturers  in  these  countries 
also  had  difficulty  hiring  employees  widi  the  skills  needed 
to  operate  and  maintain  advanced  technologies.''  hi 
Canada,  53  percent  of  the  surveyed  establishments 
reported  having  at  least  some  difficulty  in  hiring  skilled 
personnel  to  work  with  the  technologies  being  incorpo- 
rated into  their  manufacturing  operations;  35  percent  of 
the  Australian  respondents  voiced  a  similar  concern. 
Manufacturers  in  both  countries  made  up  for  this  short- 
fall by  providing  formal  training  to  their  employees. 
Canadian  plants  provided  in-house  training  on  site  or 
elsewhere  in  the  firm;  Australian  plants  provided  exist- 
ing staff  with  on-the-job  training,  special  in-house  train- 
ing courses,  and  external  training  courses. 

Small  Business  and  High  Technology 

Small  business  is  widely  vi(*wed  as  th(*  source  of  many 
of  the  new  products  and  processes  introduced  into  tlu* 
economy."'  Surveys  show  that  small  businesses  r(*ly 
more  heavily  on  new  products  to  g(Mierate  revenues  than 
do  larger  businesses;  consequently,  diey  must  be  more 
efficient  at  producing  commercially  successful  innova- 
tions. A  keen  receptivity  to  new  product  ideas  fouiul  out- 
side their  own  operations  characteri>;es  this  (efficiency 
(see  Hanson  1991).  Small  businesses  supplement  internal 
product  development  with  new  product  ideas  drawn  from 
dealings  with  customers,  suppliers,  government  labs,  uni- 
versities, and  others  to  ensure  useful  imiovations.  The 
creation  and  growth  of  small  high-tech  companies  an*  of 
particular  interest  as  they  contribute  to  the  Nation's  abil- 
ity to  develop,  adopt,  and  diffuse  new  technologies. 

This  section  presents  certain  characteristics  and  p(*r- 
forniance  indicators  for  small  high-tech  companies.' 


•  nir  r.S.  siii'vcy  did  nol  iiuiiidt*  a  n)iii|)Mral)lr  fiiU'slion. 

a  li'Sli  study  doiU'  lor  the  Siiiiill  I)iisiiu^ss  Adniinislialioii  com- 
paring iiiiiovatioji  l)(Mw('rii  small  and  lai^;i*  firms,  it  was  loiind  dial,  pi-r 
tMiipioyec.  sniail  llrms  produced  2A  limrs  as  many  innovations  as  lar.Lr(' 
firnis.  Sec  Futures  Clroiip  (U)81)  and  Hanson.  Stein,  and  Moon' 

'  Information  in  lliis  section  is  derived  from  the  rorpTech  data  base, 
owned  by  Corporate  Technolo^x}'  Inlormation  Sen'ices.  Inc..  Wi'llesK-y 
Hills.  Massachusetts.  The  C'orp'I'ech  data  l)ase  permits  an  inspection 
ol  small  business  entities  by  lechn()lo)j:y  fii'ld.  'I  bis  data  base  itidudt^s 
many  of  the  new  slai  tups  and  privali^  companies  often  missed  by  other 
data  bases  and  is  one  of  the  most  cinrenl  sotuces  of  inlormation  on 
small  newly  formed  comj)anies  active  in  high  tech  fields.  The  data  base 
attemiJls  to  bi=  all-inclusive:  by  Corp'I'ei  h's  own  estimali'.  it  includes  \)\) 
peivent  of  lar^'c  companii's  (over  employi-es).  7.")  pei'ceni  of 
mediinn-si/ed  companii's  with  to  l.DOU  employees,  and  b."i  percent 
of  connjanies  with  le^s  than  !^'*)()  employi'es.  When  prospective  compa- 
nies for  inclusion  in  tin-  ilala  base  are  ideiuifii'd  they  are  sent  c|iies 
iioiuiaires  coveiin^'  theii"  si/e.  status  (private  or  public,  indi'pendenl. 
subsidiary,  or  joint  venture),  yeai-  formed,  and  product  ^^roups  in 
which  they  are  active.  I  he  versicui  of  the  data  base  used  here  (Kev.  O.O 
W.)\)  includes  about  !ir).(KM)  iiuh'pendently  managed  companii  s. 


The  discussion  focuses  on  companies  active  in  the  fol- 
lowing seven  technology  fields: 

•  Automation, 

•  Biotechnology, 

•  Computer  hardware, 

•  Advanced  materials, 

•  Photonics  and  optics, 

•  Software,  and 

•  Telecommunications. 

These  fields  encompass  many  of  the  technologies  con- 
sidered critical  to  the  countiy's  future  economic  competi- 
tiveness. {Si»e  ^Technologies  for  Future  Competitiveness/' 
pp.  l()l)-()2.) 

Trends  in  New  U.S.  High-Tech  Business 
Startups 

The  formation  of  high-lech  companies  was  strongly 
accelerated  during  the  second  half  of  the  197()s  and  the 
early  198()s;  this  was  followed  by  a  shar|)  decline  in  for- 
mations in  the  late  eighties.'*^  (See  figure  (>23.)  About 
half  of  the  new  high-tech  businesses  formed  during 
th(*se  two  decades  were  computer-related  companies; 
startups  in  factoiy  automation  and  telecommunications 
followed.  The  number  of  new  biotechnology  companies 
formed  during  this  period  trailed  the  other  six  technolo- 
gies, yet  it  was  the  only  group  that  increased  steadily  as 
a  share  of  all  technology  company  formations.  Other 
technology  fi(*lds  that  exhibited  relative  share  growth 
during  the  latter  half  of  the  198()s  were  companies  in  the 
advanced  materials  and  photonics  and  optics  fields. 

Distribution  of  Companies  by  State 

New  high-tech  companies  are  highly  concentrated: 
Over  percent  of  these  companies  are  located  in  just 
10  stat(*s.  {See  figure  iyM.)  Yet  compared  to  just  2  years 
ago,  the  distribution  app(^ars  to  be  l(»v(»ling  off,  with  the 
top  three  states — California.  Massachusetts,  and  New 
York—all  exp(M*iencing  share  declines  {see  NSB  1989, 
p.?,(vi). 

Th(*se  (leclin(*s  notwithstanding,  California  leads  all 
states  by  significant  margins  in  six  of  the  seven  technol- 
og\^  fields  exaniin(^d.  Maiyland  stands  out  in  the  biotech- 
nology field,  ranking  second  among  the  50  staters.  The 
presence  of  the  National  histitutes  of  Health  and  Johns 


'■^TlnonKln'iil  this  discnssion.  the  tollnwinj,'  liMins  afe  used  (see  SI^A 
U)SS): 

•  !\stahlisfinirii{  ny  conipdiiy — a  btisiness  entity  that  may  ov  may  not 
he  paiM  nl  a  lai'^iM"  compli'X.  "ind 

•  Finn  or  r//^^r/)m^•— an  esiahlishmenl  lh;il  i^  eilluT  (Da  sintrjc 
hu  ation  with  no  siihsidiai  y  or  bi  anclus  or  O  the  tojimosl  i)arenl 
ol  avironp  ol Cslahlishments. 
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Figure  6-23, 
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See  appendix  table  6*36. 


Computer  hardware  Software 
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Hopkins  Univorsily  cri^atcs  an  iMwironiiUMit  in  Mainland 
conducivi'  to  lU'w  busini^ss  toi'niations  in  the  biotccli 
llHd.  Illinois  and  Ohio  tond  to  attract  conipanii^s  active  in 
factory  automation  tirhnoloKncs.  probably  ivflcctin^r  the 
Midwest  s  nianufaclurinK'  tradition. 

Foreign  Ownership  of  U.S.  High-Tech 
Companies 

A|)i)r()xiniatcly  11  piM'ccnt  of  tlu»  hi^'lvtcclinoloK^y 
companies  an*  undvv  Unvl^n  ownership — up  tVom  9  per- 
cent just  2  yc^ars  a^o  (see  NSH  1989.  p.  liliri.  apptMidix 
table  (vKi).  (Sit  appendix  tablt*  (yM.)  The  United  Kin^'- 
dom  has.  by  lar.  tin*  lar^u^st  U.S.  prt»stMict\  lollowt^d  by 
Jai)an  and  Wi^st  (lermany.  AlthouKdi  these  thret*  coun- 
tries own  companies  active  in  t^ach  ol  tin*  sevtMi  tt^chnol- 
ojjy  liiOds  i»xamiiK*d.  tlu^y  each  tend  to  bt*  drawn  to  c(M'- 
tain  fields:  the  Unitt^d  Kin^alom  and  West  (iermany  to 
U,S.  companies  active  in  tht»  dt^velopment  of  advanc(*d 
matcM'ials.  and  Japan  to  companies  involved  in  teltvom- 
iiumications  and  computer  hardwart\  C()mi)ared  with 
th(*  major  induslriali^^ed  coimtrits.  Taiwan  and  South 
Kow'd  own  r(*lativ(»ly  few  U.S.  hi^di-tech  companies;  tluy 
have  conc(Mitrated  their  acquisitions  on  U.S.  companies 
active  in  cominiter  hardware*  develoi)nient. 


Sources  of  Capital 

The  creation  and  expansion  of  small  business  require 
acct^ss  to  capital.  N(»w  small  businesses  en>ia>i(*d  in  the 
development  of  cuttin^^  vd^c  tivhnolo^iits  can  find  it  difficult 
to  secure  traditional  financial  support — i.e..  obtainin^^ 
bank  k)ans  or  siAWn^  equity  in  the  stock  markets.  An  over- 
wht^lniiny  majority  (70  perc(Mit)  of  tin*  hi>jh-tech  c()mi)a- 
nies  foriiK  d  durin^^  tlu^  198()s  relied  solely  on  i)rivate 
investment  for  business  startup  or  (expansion.'"  (Sec*  fi^- 
urt»  (>-25.)  Privalt^  invt*stmt*nt.  in  fact,  is  tlu*  primaiy  fund- 
in^^  source  for  each  of  the  tivhnoloK)'  fields  (»xamin(*d.  A 
combination  of  private  investment  and  venture  ca|)ital 
ranki*d  second  amon^^  tin*  companies,  but  only  11  |)iMCent 
financtnl  optM'ations  in  this  manner.  About  6  p(MV(Mit  of  tlu* 
companic*s  wt*rt*  financt*d  solt^ly  with  venture*  capital;  com- 
panit*s  active*  in  tt*leC()mmunications  t(*chnol()>iies  led  the 
other  six  fields  in  usinji  this  form  of  financin^^ 

Performance  of  New  High-Tech  Companies 

The  performance*  of  hi^di-tt*chn()l()Ky  companies 
slowed  during  1990.  yet  they  continued  to  outperform 

■  iVivatc  iiivcstiiu'Mt  iiuliidcs  capital  provided  l)y  pniK*ij)ais  ol  tlic 
CDiiipaiiy  Miul  by  otilsidc  private  individual  iiivcstoi's. 
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Figure  6-24. 

U.S.  locations  of  companies  active  in  three  technology  fields 


Biotechnology  Computer  hardware 


Advanced  materials 

See  appendix  table  6-37.  Science  &  Engineering  Indicators  -  1991 


other  strlors  of  tlu*  (^ononiy  (s(h^  Corporate  IVcliiio- 
1091,  p,  1-viii).  Hijili-tirli  C()inpaiii(^s  foniu^d  (luriiiji 
tin*  1980s  showvd  tlu'ir  iiiiportaiici^  to  tho  U.S.  c^cojioiiiy 
by  tluMr  porforniana^  in  four  indicators — (Miiploymcnt 
growth,  job  creation,  annual  salens,  and  sales  (^xports, 
(See  text  tabU^  (>;{.)  Coinputer-relatiHl  conipanic^s  expcM'i- 
cMiced  the  hi>ih(st  jirowth  rate  of  th(*  s(wn  ttvhnolojiy 
fu^lds  durinji  i!)9().  incn^isinu  (MiiployiiKMit  by  about  11 
p(TC(MU  and  addinji  imr  2r)().()()()  ik^w  j()l)s.  BusiiK^sst^s 
d(*velopinji  coiuputiM"  hardware*  did  somewhat  bt^ter 
than  die  softwan^  companies. 

TIk^  1990  (^ariiinjis  n^conhul  by  tlusc^  lu^wly  fornu^d 
hijih-tech  companiis  suuuest  an  ability  to  ^UMUM  atc^  hij^h 
revcMUies  eviMi  during  slujijiish  (vonomic  pcM'iods  as  well 
as  a  capacity  to  ofliM*  products  that  ine(^t  th(^  (kMiiands  of 
the  global  niark(^t;)lac(\  Annual  sah^s  productivity  \)vv 
(Miiployet*  ranuinl  bdwiuMi  SS(%00()  for  biott^ch  companies 
up  to  S17;),00()  for  companies  producing'  computer  hard- 
v\are.  About  10  p(MV(Mit  of  [hc^c  lu^w  compaiiiis  jicMUM  at- 
ed  over  10  p(MV(Mit  of  Mieir  n^vcMuu^s  from  sahs  to  IbnMjin 
markets.  The  advanced  niat(M'ials  field  had  tlu^  hijihest 


Figure  6-25. 

Sources  of  capital  for  new  high-tech  companies 


Private 
investment  and 
venlure  capiial  - 


Corporate  and  pnvi^te 
investment  -  4  8"^  ; 

Corporate  and  private 
nvesiment  and  venture 
capital  -  4  A^n 


_  _rpof ate  mveslinenl 
\        only  2,8^ 

Coiporate 
investment  and 
venture  capital  -- 
1  7% 
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|)('iveiuajj(*  ol'  companies  involved  in  ex|)ortiii.t(  (11  per- 
cent); the  soTtwari*  field  had  the  lowest  (;>2  percent). 
Software  suppliers  may  be  somewhat  less  aMMr^^^^'vi* 
than  other  hi^h-tech  companies  in  seekinjjj  out  loreiiin 
customers,  in  pail  because  of  i)ei*sistent  international  dis- 
a^reiMiients  surrounding  the  rules  jjoverninjj;  intellectual 
property  rights  (see  ITA  1991.  p.  28-15). " 

Technologies  for  Future 
Competitiveness 

Several  recent  U.S.  (iovernment  reports  (National 
Critical  'rechnoloKM(*s  Panel  1991,  Ti^chnolo^jy  Admin- 
istration 1990.  and  DOI)  1989)  linked  hilure  U.S.  eco- 
nomic and  national  security  with  the  timely  dt^velop- 
ment  and  deployment  of  certain  key  technologies. 
Although  these  reports  jienerally  aj^ree  on  the  t(*chnol- 
o^y  fields  on  which  the  United  Stales  netnls  to  focus 
its  attention,  they  differ  in  certain  instances  l)y  tin* 
technoloj^ies  emphasized  witliin  each  field.  (Si^e  text 
table  ()-4.)  This  section  focuses  on  the  12  emerj^inj^ 
technolojiies  singled  out  by  tin*  Department  of 
Commerce  as  crucial  to  this  Nation  s  lulure  industrial 
competitiveness  Cri^chnoloj^y  Administration 
1990).These  12  technoloj^ies  are  cale^ori/ed  into  four 
major  areas — materials,  electronics  and  information 
systems,  nianufacturinj^  systems,  and  life  sciences 
applications — and  have  an  estimated  potential  for  ^\ 

111  lad.  cnpyriuiit  protrcliim  Idi'  Mjliuarr  is  a  iii«h-iH'ii)rily  iwn-  in 
ll  "  nnutMiiU  lU'Uoliatioiis  loward  liu'  i  ioiioiiiic  iiilcj^M'alion  ol  lun'opc. 
As  ol  llii*  nul  of  VM).  tills  issue  riMiiaiiU'd  luin'solvi'd. 


trillion  in  annual  product  sales  in  the  global  market  by 

2()()().'' 

Fijjure  (>2f^  summan/(*s  the  comparative  condition  of 
die  U.S.  (MTort,  as  seen  by  tlu*  Department  of  Commerce, 
in  each  of  die  12  technoloijies  vis-a-vis  the  positions  of 
japan  and  thi*  European  Community.  Hriefiy,  as  of  1989, 
the  United  States  was  considered  to  be  ahead  of  or  even 
with  Japan  in  7  of  the  technoloj^ies  and  ahead  of  or  even 
with  Kurope  in  11.  The  United  States  was  considerc^l  the 
world  leader  in  fiv(^  technolojj[ies — artificial  intelli^UMiC(\ 
biotechnoloj^y,  hij^li-performance  computing,  medical 
devicc^s  and  diaj^nostics.  and  sensor  technoloj^y;  it 
lauded  l)(*hind  l)odi  Japan  and  Kurope  in  just  one  area — 
dij^ital  ima^inK  teclinoloH*y. 

However,  accordinjj;  to  DOC's  'IVchnolo^n^  Admin- 
istration (1990),  if  current  trends  continue,  the  United 
Stales  could  lose  its  leadership  position  to  Japan  and 
Kurope  in  many  of  these  technoloKMes  by  the  year  2()()(). 
(See  figure  (>2().) 


All  i'imM>riiiK  Urimoio^^y  is  licniu'd  as  .  .  oiu-  in  wiiicli  ivscaivh 
lias  pro^MU'ssi'd  far  I'lioii^di  In  indicali'  a  hi^di  pn)i)ai)iiily  ol  Urliiiical 
siu*(*i*ss  lur  lU'W  pnuiiK'ts  and  api)iicati()iis  (hat  luiKlU  have  siil)slaiitinl 
niari\('ls  wiiiiiii  approxiiiialidy  10  ycirs."  DOC's  'ri'ciiiiolouy 
Adiiiinislralioii  idnililit-d  its  list  of  critical  cnuT^niiK  liriiiioloKii's 
liirouKli  coiisidlalioiis  willi  sciriilisls  and  cnuiiu'crs  at  liu*  Nalioiial 
Insliluli'  of  Standards  and  Tiviniolo^^v.  analysts  at  DOCs  International 
IVadc  Adiiiinislralion.  and  various  I'.S.  scimu'.  cnuinrcrinu,  and  indus- 
iriai  experts. 

Iliis  section  locuses  on  the  DOC'  list  ratiier  tiian  liiose  compiled  by 
the  1  )epartnient  ol  1  )elensi'  or  the  National  Critical  Techiiolojiies  Panel 
P'iinarily  becansi*  the  1)()C  list  (1)  tocnseson  lechiiolo^nes  with  'Acom- 
mvnial  importance.  ['!)  provides  international  conij)ahson'^  with  japan 
and  Knrope  by  technolo.v^y.  and  (15)  overlaps  most  ol  the  lechnolo^nes 
contained  on  the  other  two  lists. 


Text  table  6-3. 

Performance  measures  for  newly  formed  companies  active  in  certain  high-tech  fields:  1990 


Employment  Number  of  Percentage  of 

growth  rate  jobs  created  Annual  companies  exporting 

during  past  during  past  sales  per  over  10  percent  of 


Field  year  year  employee  lota!  sales 


Automation   2.6  58.471  $126,330  407 

Biotechnology   10.6  16.468  86.063  43.9 

Computer  hardware   14.5  148.304  172752  42.9 

Computer  software   13.9  103.479  107.992  32.1 

Advanced  materials   5.8  32,452  155.198  44.4 

Photonics  and  optics   8.4  27.654  103.592  36.8 

Telecommunications   12.7  61.280  117.679  43.9 


NOTE:  Includes  independent  companies  formed  during  1980-89 

SOURCE:  Derived  from  the  CorpTech  data  base  (Rt..  6.0  1991).  Corporate  Technoloyy  Information  Services.  Inc..  Wellesley  Hills.  MA. 
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Text  table  6-4. 

Comparison  of  government  lists  of  important  technologies 


National  critical  technologies 


Commerce  emerging  technologies 


Defense  critical  technologies 


Materials 

Materials  synthesis  and  processing 
Electronic  and  photonic  materials 


Ceramics 
Composites 

High-performance  metals  and  alloys 

Manufacturing 

Flexible  computer-integrated 

manufacturing 
Intelligent  processing  equipment 
Micro-  and  nanofabrication 
Systems  management  technologies 

Information  and  communications 

Software 

Microelectronics  and 
optoelectronics 

High-performance  computing  and 

networking 
High-definition  imaging  and  displays 
Sensors  and  signal  processing 


Data  storage  and  penpherals 
Computer  simulation  and  modeling 


Advanced  materials 

Advanced  semiconductor  devices 

Superconductors 


} 


Advanced  materials 


) 


Flexible  computer-integrated 

manufacturing 
Artificial  intelligence 


High-performance  computing 
Advanced  semiconductor  devices 
Optoelectronics 

High-performance  computing 

Digital  imaging 
Sensor  technology 


Hiqh-densily  data  storage 
High-performance  computing 


Composite  materials 

Semiconductor  materials  and  microelc»ctronic 

circuits 
Superconductors 

Composite  materials 


Machine  intelligence  and  robotics 


Software  producibilily 

Semiconductor  materials  and  microelectronic 

circuits 
Photonics 

Parallel  computer  architectures 

Data  fusion 
Data  fusion 
Signal  processing 
Pnssive  sensors 
Sensitive  radars 

Machine  intelligence  and  robotics 
Photonics 

Simulation  and  modeling 
Computational  fluid  dynamics 


Biotechnology  and  life  sciences 

Applied  molecular  biology 
Medical  technology 

Aeronautics  and  surface  transportation 

Aeronautics 

Surface  transportation  technologies 

Energy  and  environment 

Energy  technologies 
Pollution  minimization,  remediation, 
and  waste  management 


Biotechnology 

Medical  devices  and  diagnostics 


Biotechnology  materials  and  processes 


Air-breathing  propulsion 


No  national  critical  technologies  counterpart: 
high  energy  density  matenals.  hypervelocity 
projectiles,  pulsed  power,  signature  control, 
weapon  system  environment 


NOTE  National  critical  technologies  were  designated  by  the  National  Cntical  Technologies  F^anel.  emerging  technologies  were  designated  by  the  Department 
of  Commerce,  defense  critical  tecluiologies  were  designated  by  the  Department  of  Defense 

SOURCE.  National  Critical  Technologies  Panel.  Report  of  the  Ncitional  Critical  Technologies  Panel{V^ash\nqion .  DC  1991) 
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Figure  6-26. 

U.S.  report  card:  1989  status  and  trends 


Status 
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Sensor  technology 
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Artificial  intelligence 
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SOU^^CE  Ttxhnoiogy  Administration,  Department  of  Commerce.  "Emerging  Technologies  A  Sua'ey  of  Technical  and  Economfc  Opportunities"  (Washington 
DC  DOC  1990) 
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Attitudes  Toward  Science  and  Technology: 
The  United  States  and  International  Comparisons 

HIGHLIGHTS 


ERLC 


U.S.  Public  Attitudes  Toward  Science 
and  Technology 

•  Most  Americans  have  a  positive  attitude  about 
science  and  technology  (S&T).  Vor  ovei'  30  y(»ai*s. 
at  least  four  out  of  five  Aiiioricaii  adults  have*  staUnl 
that  S&T  has  a  positive  c^ffect  on  their  lives.  See  pp, 
174-76. 

•  Americans  trust  die  motives  of  scientists.  Ki^Mity 
percent  a^^ree  that  most  scientists  want  to  make 
better  for  the  aver-ifje  person.  See  pp.  176-77. 

•  Americans  support  Federal  funding  of  basic 
research.  Four-fifths  a^ree  with  the  proposition  that 
eveii  if  it  brings  no  immediate  benefits,  basic  sci(Mitifie 
research  should  be  supported  by  Federal 
(iovernment.      A  177. 

•  Assessments  of  space  exploration  are  chan^in^, 
and  in  a  negative  direction.  Betw(  en  198r)  and 
1990.  the  proportion  of  Americans  who  f(»lt  that  tlu* 
costs  of  the  space  program  (*xe(Mnl  its  benefits 
increased  from  38  to  47  percent.  See  pp.  177-79, 

•  Fewer  Americans  now  approve  of  using  large 
animals  in  scientific  research.  Between  198[)  and 
1990.  the  percentage  who  approvc^d  of  research  caus- 
ing pain  to  animals  like  dogs  and  chimpanzees— (»V(mi 
if  it  results  in  new  knowledge  about  human  h(*alth — 
fell  from  63  to  50  percent.  iSV^^  p.  181. 

U.S.  Public  Attitudes  Toward  Education 

•  The  U.S.  public  sees  strong  links  between  edu- 
cation, advancements  in  science,  and  U.S.  eco- 
nomic competitiveness.  Seventy-five  percent  of  the 
public  feels  that  if  mon*  AmcMicans  could  obtain  a  col- 
lege* degree,  "big  improvements"  would  result  in 
s-  ience.  medicine,  and  technology:  59  percent  pnMlict 
big  improvements  in  U.S.  eompetitivcMiess.  See 
pp.  179-80. 

•  Americans  are  increasingly  concerned  about  the 
quality  of  science  and  mathematics  education. 

Since  1985.  the  pcMVentage  of  adults  wlu^  agree  that 
sei(Mice  and  mathematics  education  in  U.S.  schools  is 
inad(»(iuate  has  risen  from  63  p(M'eent  to  72  perc(MU. 
See  pp.  179-80. 

International  Comparisons  of  Attitudes 
Toward  S&T 

•  Public  attitudes  toward  S&T  are  reported  in  this 
volume  for  15  countries.  In  1989  and  1990.  eoordi- 
nat(»d  surveys  were  conduct(Ml  in  Japan.  Canada,  the 
United  States,  and  \?.  countries  of  the  Furopean 
Community.  See  pp.  182-84. 


•  U.S.  and  Canadian  adults  are  similar  in  their 
attitudes  toward  S&T  and  are  more  positive  in 
these  attitudes  than  Western  European  adults. 

ni(»y  are  also  mon*  positive  about  th(»  impacts  of  sci- 
ence. See  pp.  184-85. 

•  Notable  differences  in  public  support  for  govern- 
mental funding  of  basic  researcii  are  evident 
among  the  national  populations  of  Western 
Europe  and  the  United  States.  U.S..  British,  and 
FnMich  respondents  were  in  strong  agreeiiKMit  that 
government  should  support  basic  research.  In  con- 
trast, only  a  bare  majority  of  adults  in  West  (iermany 
agr(»ed  with  this  proposition.  See  pp.  184-85. 

•  The  Japanese  seem  less  positive  about  S&T  than 
Americans,  but  the  indicators  are  unclear.  hugcT 
percentages  of  Japanese  than  Americans  disagree 
that  S&T  has  positive^  effects  on  life.  On  other  indica- 
tors^  JapaiK^se  attitudes  toward  S&T  are  positive.  See 
pp.  185-86. 

•  Japanese  and  /Xmerican  respondents  are  similar 
in  their  assessments  of  the  effects  of  science  on 
moral  issues.  About  a  third  of  the  adults  in  (»ach 
country  are  concerned  that  sci(Mice  has  a  negative 
effect  on  morals.  See  p.  186. 

Knowledge  of  Basic  Facts  About  S&T 

•  U.S.  response  patterns  for  several  true/false 
questions  about  S&T  are  similar  to  Canadian 
and  European  (total)  responses.  M(»an  a(  curat(* 
rtsponse  rates  are  vvvy  similar,  and  similar  distribu- 
tions within  th(*  samph^s  an*  also  (»vident.  Among  the 
UKMnber  countries  of  th(*  Furop(»an  Community,  how- 
vvv\\  [hvi'v  liw  considerable  differcMices  in  both  accu- 
rate* response  rat(*s  and  distribution  of  such  responses 
in  tin*  populations.  See  pp.  187-89. 

Perception  of  International  Standing  in  S&T 

•  Americans  increasingly  feel  that  the  Japanese  are 
ahead  of  the  United  States  in  basic  scientific 
achievements.  Betvv(*en  1985  and  1990,  the  proportion 
of  adults  placing  Japan  ahead  of  th(»  rnit(»d  States  in 
basic  sci(Mice  increased  from  2^)  to  50  percent.  See 
pp,  189-90. 

•  Americans  today  are  less  concerned  about  Soviet 
military  technology  than  they  were  5  years  ago. 
Betwe(Mi  1985  and  1990.  the  propoilion  of  AnuM'icans 
considering  the  United  States  ahead  of  [hv  Sovic^t 
Union  in  militaiy  tcvhnology  inereas(»d  from  to  4() 
percent.  Am(M*ieans  with  more  (^lucation  [vndcd  to  b(* 
(»ven  mon*  critical  in  their  (^valuations  of  Soviet  mili- 
VcXiy  tcrhnology.  See  p.  190. 
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Introduction 

Chapter  Focus 

A  substantial  majority  ol  AiiuM'icaiis  valut'  scientific 
research,  and  tlu^y  ptM'ceivi'  a  stronj^  link  bctweiMi 
atlvanccs  in  scicnct*  and  technolDj^y  (Sc^T)  and  inii^rove- 
mcnts  in  tht^r  own  daily  lives.  Kven  if  they  are  unsure 
about  tin*  actual  i)r()cesses  of  scientific  work,  Anieiicans 
are  positive  about  the  institution  of  science,  about  scien- 
tists, and  about  K<>vi'rnnu'nt  sui)i)()rt  for  n^search. 
American  ()i)timism  v'nn\{  scii'iict^  stands  out  amon^  tlu^ 
industriulixed  countries;  compari'd  with  Canada,  japan, 
and  the  nations  of  Western  Kurope,  the  Unili'd  States 
scores  hij^h  on  a  set  of  indicators  of  public  confidence  in 
science. 

Ilu*  U.S.  public  has  maintained  its  stronj^  sui)i)ort  for 
scitMict^  while  remaininj^  unawai'i'  of  basic  scii'iitific  con- 
cepts about  the  natural  world.  Most  adults  are  not  conviT- 
sant  with  the  broatl  scientific  questions  undirlyinj^  a  num- 
bt*r  of  contemporaiy  public  policy  issuers.  'Huy  ofti^n  rejiTt 
scientific  c^xplanations  that  disaj^ree  with  oth(T  beliefs,  and 
their  othemse  stronj^  support  for  science  is  inon^  ecjuivc;- 
cal  when  scientific  and  moi'al  (luestions  conllict. 

AnuM'icans  are  increasin}^ly  concerned  about  the  qual- 
ity of  education  in  the  United  States  and  oviM-whel mindly 
favor  mon*  traininj^  in  science  and  mathematics.  And,  in 
rtsponse  to  rapid  >^lobal  ijolitical  and  economic  chanj^es, 
the  U.S.  public  is  chanj^inj^  its  i)ercei)ti()ns  of  tlu^  coun- 
try's world  standin}^  in  S(.V:T.  A  majority  of  American 
adults  now  think  that  Japan  leads  the  U^nittul  Statics  in 
both  technoloj^ical  development  (Did  basic  scitMitific 
achii^vtMntMit,  whil(^  evaluations  of  Soviet  scientific  and 
technolofiical  capabilities  have  dropped  shar|)ly. 

Chapter  Organization 

This  chapter  discussi's  indicators  of  thesc^  and  n^latt^d 
topics  usinj^  data  from  a  si'ries  of  attitudinal  surveys 
commissioned  for  this  and  i)ri'vi()us  Indicators  rt^i)()rts.^ 
The  chapter  is  divided  into  two  sections.  Thv  first  con- 
tains indicators  for  tlu^  United  States  only  and  empha- 
sizes trends  ovvr  [\nu\  This  section  also  contains  an 
expanded  discussion  of  U.S.  public  attitudes  toward 
issues  concerninj^  education  and  includes  a  new  scak^  of 
science  and  mathematics  coursetakinj^.  Many  of  the  data 
displays  show  the  different  response  rates  for  i)eopU^ 
with  varyinj^  levels  of  formal  traininji:  in  science  and 
mathemat-es. 

TIk*  second  section  of  this  chapter  discussts  .tjreatly 
t^xpanded  inttTnational  coini)aris()ns  on  sev(M'al  of  tlu^  indi- 
cators introduced  I'arlier  in  the  chapltM*.  These  compar- 
isons arc^  possibk^  because  of  the  rapidly  j>T<)winj^  number 


inosl  rciciil  I'.S.  siirvi'V  wa^  rtnidiulcd  ii)  Sfplcinhcr  and 
OdobcT        Src  loolnolc  :;  and  "Av;nlal)ilily  dI  Dala/'p.  W>. 
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of  rtsi^arduTs  and  sponsorinj^  ()rj^ani;^ati()ns  around  the 
world  interested  in  public  attitudes  toward  ScVf. 

U.S.  Public  Attitudes  Toward  S&T 

Many  of  tlu'  followinj^  indicators  of  U.S.  public  attitudes 
toward  ScS:T  have  hvvn  collected  ovim*  the  2{)-year  history 
ol  Indicator  at  roughly  li-year  intei-vals.^"'  Th(^  informatioii 
is  orj^anized  around  these  three  major  questions: 

•  Who  is  inti'resti'd  in  and  attentive  to  issuis  contvrn- 
inj^  ScViT,  and  how  does  the  adult  public  learn  about 
thesi^  aspirts  of  the  culture? 

•  Wliat  doi^s  the  public  know  about  science,  includinjj 
knowledj^e  of  sciiMitific  concepts,  of  basic  scientific 
findin^^s  and  theories,  and  of  current  public  policy 
issuis  involvinj^  ScVrT? 

•  What  are  public  attitudi^s  toward  Sc^T,  that  is,  how 
does  the  public  evaluate  various  aspt^cts  of  or- 
j^anixed  science,  tlu^  (effects  of  science  on  thc^r  daily 
lives,  and  larj^e  public  technology  proj^rams? 

Who  is  Interested  In  Science? 

hi  a  modern  society  rich  with  information,  people  tend 
to  si)ecialixe  in  the  subjects  they  pay  attcMition  to.  They 
also  tiMul  to  use  differiMit  mi^dia  to  learn  about  current 
affairs,  and  these  habits  of  media  use  differ  by  level  of 
i^ducation,  a^v,  and  j^ender.  Only  tc^levision  seems  to  be 
usiul  by  virtually  all  adults  as  a  source  of  information 
about  current  affaii's. 

Tlu^  following?  discussion  focuses  on  adult  Americans 
who  tend  to  pay  attention  to  scientific  and  technolo>^ical 
mattiM's  and  how  tlu^se  i)articular  Americans  differ'  from 
people  who  are  more  interested  in  other  types  of  issues.^ 


Ill  a  tew  cases,  die  inrasiircs  <'Xt(Mul  back  lo  Ulfi? — ^jusl  hrUnv  the 
launcliiii)^  ol"  Sputnik — to  a  study  sixinsorcci  by  tlu'  National  Sricnn' 
Writers  Association  (Survey  Rcscandi  Center  UlfiS).  Kroni  H)7J) 
liirouKii  191)0,  the  sum'V  data  in  this  chaiHer  Jire  lar^t'ly  Ironi  MilhT 
(UH)la).  and  many  ol"  the  concepts  in  diis  chapter  \Wr  first  proposed 
by  Miller  and  IVewill  (li)79)  and  by  MiMer.  IVewill.  and  IVarson  (IWO) 
under  [\v*  sponsorship  of  the  Nalionnl  Science  Foundation.  Mill(M* 
(19!Hb)  haw  since  inodiHed  and  exiJanded  certain  of  these  concepts. 

■The  WW  Indirainn  swv\v\  of  2.03!>  adults  was  jn-rfornied.  by  tele- 
phone, from  the  Public  ()|)inion  Laboratory  t)f  Northern  Illinois 
I  'nivei'sity.  The  response  rate  was  (if)  percent.  The  results  of  a  sum'y 
of  this  si/e  are  certain  at  i)ercent  at  the  9,>percent  confidence 
level — that  is.  of  all  possible  sami)les  of  this  si/e,  responses  wouKl  be 
within  percenlaKt'  points  of  those  rejjorted  here  ilf)  percent  of  the 
lime.  I  ncertainty  for  snbsamples  in  this  chapter  would  be  somewhnt 
).(reater.  In  the  interests  of  space,  confidence  intemtls  of  the  dala  are 
not  discussed  here,  riie  teclmical  rei)ort  for  the  1991)  sur\'ey  and  an 
inte^^jraled  codebook  from  the  live  Indiratni's  siuveys  are  available 
(Miller  Iflil.'aaiid  1991b).  See  "Availability  of  Data," 

'This  section  discusses  only  six  issue  areas  Irom  the  Imiicatnn  vM- 
vey.  (See  text  labk'  7-1.)  The  sun'ey  also  asks  about  interest  in  and 
knowled).(e  of  international  and  foreij^n  policy,  economic  issues  and 
business  conditions,  militaty  and  defense  policy  issues,  local  school 
issues,  and  a^MiiMdlural  issues.  I'or  responses  on  these  items,  see 
ai)iiendix  tables  7-1  and  7-L^ind  Miller  (I99la). 
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Tho  s(»cti()ii  prescMits  the  following  thiv(^  sots  of  indica- 
tors coniprisinK  different  aspects  of  attentiveness: 

•  Interest  in  different  sets  of  issues, 

•  Level  of  information  about  the  sets  of  issues,  and 

•  Exposure  to  media  where  learning  about  the  issues 
might  occur. 

These  indicators  are  'hen  combined  in  indexes  of 
"attentiveness'*  to  scientific  and  other  subjects. 

Interest  in  News  About  S&T.  llie  fii'st  aspect  of  atten- 
tiveness is  a  measure  of  interest  in  different  sets  of  issues. 
Like  most  of  the  other  indicators  in  this  chaptcM',  interest 
in  news  issues  involving  new  scientific  discoveries 
remained  relatively  stable  over  the  past  decade:  between 
'M  and  48  percent  of  people  surveyed  acknowledged  a 
high  interest.  In  1990.  :^9  percent  of  U.S.  adults  said  they 
v;ere  very  interested  in  new  scientific  discoveries,  and 
nearly  9  out  of  10  were  eidier  "moderately"  or  "very''  inter- 
ested in  thes(»  discoveries.  (Sc»e  appendix  table  7-1.) 

Compared  with  the  percent  of  respondents  who  say 
Ihey  are  "very"  interested  in  scientific  discoveries  and 
new  inventions  and  technologies,  larger  percentages 
report  being  v(»ry  interested  in  other  issue  areas»  notably 
environmental  pollution,  military  and  defense  policy,  and 
new  medical  discoveiies.  (Se(*  figure  74.) 

Medical  discoveries  and  enviromnental  pollution  held 
the  interest  of  significant  percentages  of  Americans; 
about  two-thirds  of  the  adult  population  were  "very" 


inler(^sl(Ml  in  these  news  items,  hi  contrast,  only  about 
one-fourth  of  U.S.  adults  reported  that  they  were  "veiy" 
interested  in  space  exploration,  and  a  similar  proportion 
was  "not  at  all"  inten^sted  in  space  exploration.  ITiis  was 
tlu^  highest  percentage^  reporting  no  inten  st  in  any  of 
the  issue  areas.  (See  "Assessments  of  lliree'lVchnology 
Programs/'  p.  177-79.) 

The  p(TC(Mitages  of  Americans  who  w(M"e  very  interest- 
ed in  militaiy  and  defense  policy  and  in  international  and 
foi'eign  policy  wen*  up  sharply  in  1990  over  1988.  (See 
appendix  table  7-1.)  The  1990  survey  was  conducted  in 
October  and  November,  just  after  the  h^aqi  invasion  of 
Kuwait  and  concomitant  with  the*  buildup  of  U.vS.  troops 
in  Saudi  Ai'abia.  (See  also  footnote  20.) 

Level  of  Information  About  S&T.  A  s(»c()n(l  important 
aspect  of  attiMitiveness  is  a  level  of  knowledge  about  the 
subject  of  interest,  hi  conti'ast  with  theii*  expressed  high 
levels  of  intei'est  in  sets  of  news  issues.  American  adults 
were  less  confident  about  their  levels  of  knowledge  of 
these  subjects.  Fewer  than  a  third  of  adults  felt  very  well- 
informed  about  any  of  the  sets  of  issues,  and  as  inaiiy  as  a 
third  or  more  felt  poorly  informed  about  several. 

A  third  of  U.S.  adults  felt  very  w<»ll-informed  about 
issues  involving  environmental  pollution.  On  all  of  the 
other  issu(»s  shown  in  appendix  table  7-2.  a  quarter  or 
fewer  of  U.S.  adults  felt  very  well-informed.  Most  judged 
their  knowledge  of  issues  to  be  "moderate.** 

Many  Americans  were  pessimistic  about  their  knowl- 
edge of  some  matters  involving  S&T  but  were  more  con- 


Figure  7-1. 
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See  appendix  tables  7-1  and  7-2. 
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fKltMit  about  otIuTs.  Over  30  perctMit  felt  poorly  informed 
about  new  scientifie  discoveries,  155  percent  about  new 
inventions  and  technologies,  and  38  percent  about  space 
exploration.  In  contrast,  only  20  percent  felt  poorly 
inlormed  about  new  medical  discoveries  and  13  percent 
about  environmental  pollution.  These  contrastinjj 
response  patterns  on  subjects  with  considerable  S&T 
content  are  mirrored  in  the  different  demographic  char- 
acteristics of  the  groups  that  pay  attention  to  specific 
sets  of  subjects. 

Media  Exposure  to  S&T.  The  third  facet  of  atten- 
tiveness  is  a  habit  of  exposing  oneself  to  media  where 
learning  about  issues  might  occur.  The  general  popula- 
tion, not  otherwise  predisposed  to  seek  exposure  to  sci- 
ence, might  learn  about  S&T  in  the  popular  media:  tele- 
vision, newspapers,  and  magazines.  Newspapers  have 
especially  increased  their  coverage  of  science-  and 
health-related  topics  over  the  past  decade,  often  in  spe- 
cial sections  devoted  to  these  articles  (NSB  1987). 
More  focused  exposure  to  scientific  information  might 
be  gained  from  sci(Mice  magazines,  from  television 
shows  like  "Nova,*'  or  from  visits  to  such  public  placets 
as  natural  history  museums,  S&T  museums,  zoos,  and 
aquariums. 

To  gauge  the  extent  of  such  contacts  with  S&T  issues, 
the  Indicators  survey  asks  respondents  about  their 
habits  in 

•  Reading. 

•  Television  viewing,  and 

•  Museum  attendance. 

About  57  percent  of  adults  reported  reading  a  daily 
newspaper,  and  men  were  somewhat  more  likely  than 
women  to  use  this  source  of  information.  (See  appendix 


table  7-3.)  Daily  newspaper  readership  is  also  strongly 
correlated  with  increasing  age.  (See  figure  7-2.)  Older 
adults  were  about  t^vice  as  likely  as  younger  adults  to 
read  a  daily  newspaper.  Also,  older  people  were  more 
attentive  to  new  medical  discoveries  than  were  other 
groups.  This  characteristic  of  the  newspaper  reading 
population  may  help  explain  the  growth  in  special 
health  sections  in  U.S.  newspapers  (reported  in  NSB 
1987),  even  though  daily  newspaper  reading  by  the 
general  population  has  been  declining  for  several 
decades.** 

Education  level  is  p()sitiv(dy  related  to  daily  news- 
paper reading,  and  even  more  strongly  to  reading  of 
national  newsmagazines  and  science  magazines.  Adults 
who  have  graduated  from  c()lleg(»  were  almost  four 
times  as  likely  as  those  who  had  not  finished  high 
school  to  read  newsmagazines;  they  were  three  times 
more  likely  to  read  science  magazines  regularly.  (See 
figure  7-3.)  Using  these  specialized  sources  of  informa- 
tion is  somewhat  related  to  increased  age,  but  only  up 
through  the  45-  to  64-year-()ld  age  group;  beyond  these 
ages,  general  newsmagazine  and  science  maga^cine 
readership  drops  sharply.  (See  figure  7-2.)  Woukmi  were 
less  likely  than  men  to  read  science  magazines:  81  per- 
cent stated  that  they  never  use  this  medium  versus  6(i 
perc(*nt  of  men. 

Education  level  has  virtually  no  effect  on  the  likeli- 
hood of  watching  both  television  news  and  science 
shows.''  (See  figure  7-3.)  Age  is  positively  correlated  with 
watching  television  news  and  science  programs. 


lii'lwmi  1972  and  UHH),  daily  iu'wspaiHT  readership  dedined  from 
to     ptTcTMl  of  llif  populalion  (NOKC  annual  series). 
'Ti^levisioti  scienee  shows  in  the  survey  were  defini^d  as  "Nova"  and 
National  (leojijraphie  specials. 


Figure  7-2, 

Effect  of  age  on  media  use  and  museum  visits:  1990 
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See  appendix  tables  7-3  and  7-4  for  absolute  values  and  question  wordings. 
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Museum  visits  may  result  in  casual  IcarniiiK^  about 
Sc^T.  In  1990.  42  inTccnt  ol'  the  ivspondcnts  indicated 
that  they  visited  a  science  nuiseuni  at  least  twice  ii^  the 
previous  year.  Amon^  college  ^M'aduales,  (54  percent 
n^ported  such  visits:  this  was  more  than  three  times  the 
likelihood  of  persons  with  no  h\nh  school  dej^ree.  (See 
fi^nuv  7-;^.) 

Thus,  each  ol'  the  variables  of  aj^e,  j^ender,  and  educa- 
tion level  is  helpful  in  predicting  the  likelihood  of  expo- 
sure to  opportunities  for  informal  learninjj:  about  S<S:'r. 
As  shown  above,  each  of  these  variables  is  also  identified 
with  select  media. 

''Attentiveness''  to  S&T,  When  considered  to^a'th- 
er,  the  three  sets  of  Indicators  discussed  above — interest 
in.  level  of  information  about,  and  media  exposure  to 
Sc^'I*  issues — identify  se^Miients  of  the  adult  population 
that  are  regularly  "attentive"  to  different  sets  of  issues  in 
the  news.'' The  Indicators  series  has  used  the  attentive- 
ness  conce|)t  to  distinguish  amon^^  se^^nients  of  the  adult 
population  that  follow  public  policy  matteu^  with  si^Miifi- 
cant  scientific  and  technolojrica]  implications — e.j^.* 
nuclear  ener^^y  policy,  new  medical  technolo^Mes,  and 
s|)ace  expk)rati()n.  Political  leaders  are  likely  to  turn  to 
these  ^M'oups — or  their  representatives — in  the  course  of 
settiiiK  policy  in  these  areas. 


"SdfiK'c  iiuisriiin"  luTc  ri'lrrs  lo  a  sciciut'  or  UvIiidIo)^^  nuiscuni. 
a  /AH)  or  aquariiiiiK  or  a  iialural  liisiory  ituiscuiii.  rucli  ol  wliirli  was 
askt'd  al)out  si'iiaraii-ly  in  llu'  siiiTcy. 

'Millt-r  (ID^ni))  has  liirllicr  rctliu-tl  this  coiin-pl  ol  atliMilivciK-ss  lo 
various  issiu's  and  lias  coiislriklfd  a  lui'asiiri'  ot  "allciiliviMiiss  lo  sci- 
ciK'c  and  t(rlinolo)^\'  policy"  whirii  is  a  ronihiiialioii  ol  allonlivi'iu'ss  lo 
sciiMilifu'  issiK's  and  atU'iUivciicss  lo  issues  involvin)^^  nt'W  urhnoloKit'^^. 


The  Indicators  index  of  attentiveness  to  selected 
issues  uses  respondents*  self-reports  on 

•  Inclination  to  follow  certain  items  in  the  news — a 
respondent  must  stat(^  that  he  or  she  is  "veiy  inter- 
estt^r'  in  an  issue  area  to  be  labeled  attentive  to  that 
area; 

•  Knowledge  of  an  area— a  resi)()ndent  must  state  that 
he  or  she  is  '*very  welMnformed"  about  an  issue 
area  to  be  labeled  attentive  to  that  area;  and 

•  Behavior  that  would  expose  a  iH'rson  to  information 
about  certain  issue  areas— a  respoiKknit  must  state 
that  he  or  she  is  a  rej^ular  reader  of  a  daily  news- 
paper, a  national  newsma^a/ine,  or  a  science  maj^a- 
zinc  to  be  labeled  attentive  to  any  issue  area. 

Text  table  7-1  shows  the  pro|)()rli()iis  of  adult 
Americans  who  meet  all  three  of  these  criteria  on  each 
of  six  sets  of  issues. 

About  8  percent,  or  some  14  million  U.S.  adults,  are 
attentive  to  new  scientific  dis(")veries.'  Attentiveness  to 
scientific  matters  is  strongly  dependent  ui)()n  educii- 
tional  k^vel.  particularly  education  in  mathematics  and 
science.  People  wlio  are  collej^e  tjraduates  are  more 
than  twice  as  likely  to  be  attentive  to  new  scientific  dis- 
coveries, and  people  with  more  science  and  mathemat- 
ics courses  in  hi^h  school  and/or  college  are  more 


r.S.  population  osiiinalrs  used  ihroUKltoul  ihis  chaplor  arc  Ironi 
spiviai  labiiialions  ol  iho  I'uroau  ol  the  Census.  Curroul  Populalioti 
Survey,  lliird  f|uarUM',  VM),  The  population  esiimales  are  based  on 
civilians  IS  years  ol  a^t'  <m'  older,  uol  living  ii^  K^iup  (|uarters.  and 
including  inililary  personnel  living  oH-hase  in  ihe  I'nilnl  Siales, 


Figure  7-3. 

Effect  of  education  on  media  use  and  museum  visits:  1990 
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See  appendix  tables  7-3  and  7-4  for  absolute  values  and  question  wordings. 
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Text  table  7-1. 

Public  attentiveness  to  news  issues,  by  selected  characteristics:  1990 


Allenliveness  to  .  .  . 


New 
scientific 
discoveries 

New 
technologies 

Nuclear 
energy 

Medical 
discoveries 

Space 
exploration 

Environmental 
pollution 

N 

Percent 

Total  public  

8 

7 

8 

16 

6 

20 

2.033 

Gender 

4  4 

4  i 
1  1 

i  O 

1  c. 

1 D 

1  n 
1  u 

6 

4 

4 

17 

3 

18 

1.070 

U69>eG  IGVGI 

No  high  school  degree  

7 

5 

7 
/ 

1  Q 

High  school  graduate'  

6 

-7 
1 

7 
1 

1  A 

D 

91 

1   1  7Q 

^  c 

1  d. 

1  O 

1  O 

1  1 

97 

Science  &  math  education 

Low  

5 

5 

5 

15 

4 

16 

1,263 

Medium  

9 

10 

10 

14 

7 

25 

523 

High  

24 

17 

16 

23 

17 

33 

248 

Age 

18-24  

8 

8 

5 

10 

7 

19 

322 

25-34   

7 

9 

4 

10 

6 

16 

497 

35-44   

9 

6 

7 

12 

5 

19 

366 

45-64   

8 

7 

9 

20 

6 

23 

533 

65  and  older  

9 

7 

14 

28 

6 

24 

315 

'Includes  respondents  with  associate  degrees. 

For  an  explanation  of  the  education  Index,  see  The  Science  and  Mathematics  Education  Index."  p.  172 

SOURCES:  J.D.  Miller.  Public  Attitudes  Toward  Science  and  Technology,  1979-1990.  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1991);  and  unpublished  tabulations. 
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than  four  tinu^s  as  likoly  to  bo  attontivo  to  scicMitific  dis- 
covorios.  (Soo  "The*  Science  and  Math(Mnatics  Kdiica- 
tion  hulcx."  p.  17*2.)  MtMi  are  nearly  twice  as  likely  to  be 
attentive  to  new  scientific  discoveri(*s  as  are  woin(Mi. 

HetwetHi  ()  and  8  perccMit  of  Americans  are  attentivi* 
to  new  technologies,  niick^ir  (MUT^^,  and  space  explo- 
ration. As  with  attentiveness  to  science,  tlu^se  ^^roups 
of  tlu»  adult  public  arc*  \i\^h\y  lulucated  compared  to 
the  general  population,  and  [hvy  are  dominated  by 
men.  Women  seem  particularly  inattentive  to  these 
thret*  areas. 

Of  the  issue  ^m)Ui)s  shown  in  text  table  7-1,  much 
larger  percenta^n^s  of  the  total  adult  population  are 
attentive  to  nK^lical  discov(M  i(*s  and  (MivironmiMital  pol- 
lution; women  arc*  more  lik(*ly  to  bc^lon^^  to  tliesc*  atteiv 
tive  publics  than  to  othc*rs.  Older  Amc*ricans  n^^ndarly 
pay  attcMition  to  medical  (liscoveric*s.  and  attc^ntivc*n(*ss 
to  environnuMital  issuers  also  incn*as(*s  sonu^what  with 
a^c.  'llu*  eff(*ct  of  education  in  ^aMUM'al  disapp(*ars  for 
the  se,t(ment  of  the*  population  attentive  to  medical 


disc()veri(*s;  how(*vc*r.  pi*rs()ns  with  more*  c()urs(*s  in  sci- 
ence and  mathematics  are  more  likely  to  belong  to  this 
attentive*  ^n'oup. 

The  attentive  public  for  envire)nmental  nedlutie^n  is 
about  20  percent,  ejr  million  Americans.  Meml)e*rs  e)f 
this  atte*ntive  public  are  proportie)nately  me)re  highly  edu- 
eate*d  and  e)lder. 

In  interpreting^  the*  varie)Us  iiulicate)rs  discussed  1ate*r 
in  this  chapter  and  analyzing  the  res  ponse*  patterns  e)f 
the*  ^n*ne*ral  pe)pulatie)n  ve*rsus  the)se*  e)f  the*  attentive* 
^n*e)ups.  it  is  he*lpful  te)  ne)te  the*  diffe*re*nt  characte-ristics 
e)f  the  variems  attt*ntive  ^m)ups.  Pe*e)ple  attentive  te)  sci- 
e*ntir!C  disce)ve*ries  e)r  te)  space  exple)ratie)n  are*  ce)nside*r- 
ably  me)re  likely  te)  be  W\^h\y  e*(Uicate*(l  and  te)  have*  had 
me)rc*  scie*nce  and  mathe*ma;ics  ce)urse*s  than  ne)natle*n- 
tives.  Alse).  altbe)UKh  nuMi  acce)unt  for  e)nly  abe)Ut  47 
pe*rce*nt  e)f  the*  surve*y  sample.  the*y  ce)nstitute*  Iwe)- 
thirels  of  the*  public  attentive  to  scientific  disce)ve*rie*s 
and  e)ver  three*-quarters  e)f  the)se  atte*ntive  te)  space 
e*xple)ratie)n. 
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The  Science  and  Mathematics  Education  Index 


Many  of  the  tables  in  this  chapter  display  a  cross-cut 
of  the  data  by  high,  medium,  and  low  levels  of  science 
and  mathematics  education.  Miller  (1991b)  developed 
this  index  from  the  1990  Indicators  survey  and  has 
used  it  to  explore  variations  on  a  scale  of  "scientific  lit- 
eracy/' 

The  index  was  constructed  from  three  sets  of  ques- 
tions. First,  respondents  were  asked  if  they  had  taken 
a  high  school  course  in  biology,  chemistry,  or  physics. 
Second,  they  were  asked  their  highest  level  of  mathe- 
matics coursework  taken  in  high  school.  From  this 
second  question,  a  total  number  of  courses  of  high 
school  mathematics  was  inferred  for  each  respondent 
based  on  a  typical  high  school  program  of  mathemat- 
ics courses:  first-year  algebra,  geometry,  second-year 
algebra,  precalculus,  and  calculus. 

Third,  respondents  who  reported  having  finished 
high  school  were  asked  how  many  college-level  cours- 
es in  biology,  chemistry,  or  physics  they  had  taken. 
(Some  70  percent  of  U.S.  adults  have  never  taken  a  col- 
lege-level science  course.)  Typical  responses  were 
"one  or  two"  or  "15  or  20  courses"  for  some  respon- 
dents. For  the  purpose  of  index  constmction,  a  maxi- 
mum of  10  college-level  science  courses  were  counted 
for  any  respondent. 

These  three  estimates  (reports  of  high  school  and 
college  courses  in  biology,  chemistry,  and  physics  and 
inferred  high  school  mathematics  courses)  were  then 
totaled  and  divided  into  three  levels  of  courses:  low,  for 
four  or  fewer  courses  (62  percent  of  respondents); 
medium,  for  five  to  eight  courses,  representing  a  good 
high  school  program  (26  percent);  and  high,  repre- 
senting a  good  high  school  program  and  some  college 
coursework  (12  percent).  (See  text  table  7-2.) 

Men  were  twice  as  likely  as  women  to  have  high 
exposure  to  formal  science  and  mathematics  education 
in  high  school  and  college;  some  70  percent  of  women 
in  the  United  States  reported  low  exposure  to  these 
courses.  Older  Americans,  especially  after  age  45,  have 
also  had  relatively  less  coursework  in  science  and 


mathematics.  High  exposure  to  science  and  mathemat- 
ics in  school  was  most  prominent  for  young  adults  up 
through  age  44.  As  this  group  matures,  higher  percent- 
ages of  the  total  population  will  be  able  to  report  more 
exposure  to  formal  training  in  science  and  mathemat- 
ics. 


Text  table  7-2. 

Index  of  science  and  mathematics  education, 
by  gender  and  age 

Low  Medium  High  N 
Percent 

Total  public   62       26      12  2,033 

Gender 

Male   53       30      17  964 

Female   70       22        8  1.070 

Age 

18-24    47  41  12  322 

25-34    57  26  17  497 

35-44    58  26  16  366 

45-64    69  22  9  533 

65  and  older   80  16  4  315 

Attentive  publics 

New  scientific  discoveries.  37  27  35  168 

New  technologies   38  33  29  148 

Nuclear  energy   43  33  25  157 

MedicaMiscoveries   59  23  18  323 

Space  exploration   36  31  33  123 

Environmental  pollution  .  .  48  32  20  412 

NOTES:  Thir  index  is  based  on  the  number  of  high  school  science  'md 
matherrmtics  courses  and  the  number  of  college  science  course:  »n. 
The  index  includes  high  school  mathematics  and  high  school  an<  jilege 
courses  in  biology,  chemistry,  and  physics:  it  excludes  courses  taken  in 
other  disciplines  or  in  college  mathematics.  ''Low"  is  four  or  fewer  courses, 
"medium"  is  five  to  eight  courses,  and  "high"  is  nine  or  more  courses. 
Percentages  may  not  total  100  because  of  rounding. 

SOURCES:  J.D.  Miller.  The  Public  Understanding  of  Science  &  Technology 
in  the  United  States,  report  to  the  National  Science  Foundation  (DeKalb.  IL: 
Public  Opinion  Laboratory,  Northern  Illinois  University.  1991);  and  unpub- 
lished tabulations. 
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What  Do  People  Knoiv  About  Science? 

Since  1!)79,  the  Indicators  studies  of  public  attitudes 
toward  S&T  have  inchided  indicators  of  the  a(hilt  popu- 
lation's understanding  of  scientific  terms  and  concepts.^" 

Knowledge  of  Scientific  Process.  Most  respon- 
dents have  difficulty  answerinj^  th(*  first  question  in  the 


'  Tlie  survey  has  re^nilarly  rcqursted  opriHiuled  (Icfinilious  of  "st  i- 
cntilk*  study."  "radiaiion/'  and  "DNA."  (Respondents  are  first  asked  n 
tliey  liave  clear.  K'^niTal,  or  liMle  iinderstandinj^  of  a  imu.  'Yhusv 
p'portinK  little  understanding  are  not  asked  for  the  folkmujj  defini- 
tion.) These  and  other  o[)en-ended  (|U('stions  are  coded  by  indep(  n- 
dejit  eoders  at  llie  Puhlit  Opinion  Laboratory.  Norlhrrn  Illinois 
I 'tiiversity.  and  tests  oi  intercoder  ri'lialjility  are  iwrfornied  and  differ- 
♦•nces  resolved.  Multiple-choice  (|uestions  desij^Mied  to  measure 


short  battery  of  open-ended  inquiric^s  about  level  of 
knowk^lKt^  of  scientific  terms  and  concepts.  Iliis  cjues- 
tion  asks:  "In  your  own  words,  could  you  t(^ll  me  what  it 
m(»ans  to  study  something  scientifically?"  In  1990,  18 
percent  of  U.S.  adults  fjave  an  acceptable  definition  of 


respondenis'  underslandin^^  of  ibe  concepts  of  "probabilily"  and  'Votj- 
rolled  study'*  were  added  in  ll^SH  In  U)!)0.  batteries  of  questions  con- 
cerning^ two  topical  environmental  issues — acid  rain  and  the  ozone 
hole — were  added. 

In  addition,  as  part  of  on^^oin^^  sliulit's  of  scientific  literacy  (Miller 
n)!nb)  the  VM)  survey  included  a  short  battery  of  simple  closed- 
ended  questions  that  are  used  liere  to  indicate  Ihe  distribution  of  ele- 
mentar>'  scientific  knowled^^e  in  the  adult  population.  "Knowk»djr(.  of 
Scientific  Conclusions,"  pp.  1S7-S9,  reports  on  the  use  of  several  of 
ilu-'e  quiz4yf)e  (luestions  lor  comf)ansons  amon^  the  Unit(»d  Slalt»s. 
Canada.  .Ia|)an.  and  the  Kuropcan  Conununily. 
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scientific  study.'*^-  (See  appendix  table  7-5.)  Significantly 
higher  percentages  of  people  with  more  education  could 
correctly  provide*  the  definition. 

Closed-ended  questions  concerned  with  aspects  oi  ^oi- 
entific  work  elicited  much  higher  correct  response  rates. 
For  example,  when  asked  a  multiple-choice  question 
involving  probability,  70  percent  of  the  adult  population 
selected  the  correct  answer.  (See  appendix  table  7-5.) 
Similarly,  72  percent  correctly  answered  a  closed-ended 
question  about  controlled  clinical  trials.  These  very  dif- 
ferent rates  of  correct  response  on  aspects  of  scientific 
study  suggest  that  respondents  may  well  know  more 
about  science  than  responses  to  the  open-ended  ques- 
tion would  indicate.^-^ 

Knowledge  of  Environmental  Issues.  In  addition 
to  the  items  concerning  interest  in  and  knowledge  about 
issues  involving  environmental  pollution  (see  ***Atten- 
tiveness  to  S&T,"  pp.  170-71),  the  1990  survey  included 
short  sets  of  questions  about  two  timely  environmental 
issues:  acid  rain  and  ozone  depletion. 

When  asked  to  describe  acid  rain,  6  percent  of  the 
adult  public  was  able  to  give  a  scientifically  correct 
response.  (See  appendix  table  7-tt.)  An  additional  10  per- 
cent was  able  to  name  the  cause  or  source  of  acid  rain 
("smokestacks,"  "plants  that  burn  coal,'*  etc.),  and  31 
percent  referred  to  an  unspecified  "pollution''  for  a  par- 
tially correct  response.  Higher  percentages  of  respon- 
dents with  more  education — including  more  science 
education — were  able  to  describe  acid  rain  correctly,  but 
overall  fewer  tlian  one  in  five  adults  could  knowledge- 
ably  engage  in  a  conversation  about  acid  rain.  Even  the 
attentive  public  for  issues  involving  environmental  pollu- 
tion was  surprisingly  ignorant  about  this  widespread  an(i 
current  public  policy  issue:  40  percent  of  this  group 
failed  to  describe  the  scientific  issue  correctly,  and 
another  3H  percent  were  able  only  to  identify  acid  rain 
with  a  general  concept  of  "pollution." 

A  somewhat  larger  percentage  of  U.S.  adults  seemed 
to  grasp  the  t'^chniail  aspects  involved  in  pi'oducing  the 
ozone  hole.  One-fourth  of  the  sui-vey  respondents  gave  a 
correct  answer  to  the  question  "In  your  own  words,  why 
is  there  a  hole  in  the  ozone  layer?"'*  An  additional  18 
I)ercent  mentioned  "pollution"  as  the  cause  of  the  ozone 
h()l(*  problem. 


"For  nklin^;  puipost's.  i  t'sponscs  n-fcrriii^:  to  llirory  or  liypotlii*sis 
IrstiiiK.  to  fxptTiniriitalioii.  or  to  tlioroiiirli  study  or  ooniparisoii  an* 
coiisidrrt'd  aivrptablt'  tit'fiiiitioiis,  Coded  separately,  but  not  accepted 
as  correct,  are  response  >  relenin^;  to  measurement  or  classification. 

•'Witliey  {VX)\))  found  that  \2  percent  of  American  adults  had  an 
acceptable  understanding:  ol  "scientific  study" in  11)57. 

'Miller  (llJfUb)  uses  the  open-ended  question  as  one  component  of 
scientific  literacy.  In  addition  to  requiring:  a  correct  response  on  Ibis 
question,  be  also  re(|uircs  respondents  to  reject  astrolojo'  liiivinj,' 
any  scientific  basis.  In  liHMK  percent  of  tlie  adult  population  passed 
this  component  of  bis  literacy  construct. 

'"'Correct"  in  Ibis  t*ase  refers  to  tbe  ability  lo  rlescribe  correctly  tbe 
roles  of  cblorofiiiorocarbons  (CFC  s)  or  chlorine  atoms  in  the  process 
of  creating  the  b(»le,  or  tb(^  ability  to  identify  the  ttrlinolojiies— aerosol 
sprays,  refrigerants,  and  styrofoam  manufacturing:— that  release  most 
Q  *ie  CKcs. 
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Correct  responses  to  this  question  were  strongly  relat- 
ed both  to  gender  and  level  of  education.  (See  appendix 
table  7-6.)  About  one-third  of  male  and  one-fifth  of  female 
respondents  were  able  to  identify  the  ozone  hole  prob- 
lem correctly.  Forty-five  percent  of  the  attentive  public 
for  environmental  pollution  was  unable  to  describe  cor- 
rectly why  the  ozone  hole  exists.^*' 

The  public  is  also  unclear  about  the  location  of  the 
ozone  hole.'''  Only  11  percent  could  identify  the  Ant- 
arctic, and  another  4  percent  mentioned  both  the  South 
and  North  Poles.  As  with  other  questions  on  the  survey, 
UKMi  and  people  with  higher  levels  of  education  were 
more  likely  to  place  the  ozone  hole  geographically.  Over 
90  percent  of  U.S,  adult  women  did  not  know  the  loca- 
tion of  the  ozone  hole. 

In  sum.  25  percent  of  {\\^  general  U.S.  adult  population 
were  able  to  offer  correct  inforniation  about  these  two 
significant  public  policy  issues  of  environmental  pollu- 
tion. Similar  results  hold  for  the  public  attentive  to  issues 
involving  environmental  pollution.  The  findings  suggest 
that,  although  these  environmental  issues  cause  emofion- 
al  responses  and  high  levels  of  concern  among  adults, 
this  concern  is  poorly  grounded  in  factual  information. 

Knowledge  of  Scientific  Concepts.  Tlie  1988  and 
1990  Indicators  surveys  included  short  batteries  of 
closed-ended  simple  questions  about  S&T  to  test  respon- 
dents* knowledge  of  widely  accepted  scientific  and  tech- 
nological phenomena  that  they  would  most  likely  have 
learned  in  primary  or  secondary  school^^ 

Of  the  13  questions  shown  in  figure  7-4,  about  15  per- 
cent of  adults  could  answer  half  of  them  con*ectly.  Just 
over  1  percent  answered  all  of  the  questions  correctly. 

Over  three-fourths  of  the  respondents  knew  simple 
facts  about  the  natural  world:  that  the  center  of  the  earth 
is  hot,  that  plants  produce  oxygen,  that  hot  air  rises,  and 
thai  light  travels  faster  than  sound.  Seventy-seven  per- 
cent agree*d  with  the  concept  of  continental  drift. 

Respondents  had  more  trouble  with  several  simple 
questions  involving  common  technologies:  37  percent 
claimed  not  to  know  whether  lasers  generate  light  waves 
or  sound  waves.  And  a  full  70  percent  did  not  know  if 


'  'Hiis  findinji,  and  otbers  sbown  in  appendix  table  7  <i.  underlines 
tbe  netnl  for  sensitivity  t^)  tbe  tliffcrences  between  atteutivniess  to  an 
issue  and  ktwwlcd^c  (if  an  issue. 

"  Tbis  question  may  also  indicate  a  lack  of  knowled^'e  of  world  k'cojt- 
rapby. 

'  'Hie  questions  discussed  in  tbe  following'  sections  WtM'e  developed 
by  Jon  Miller  of  NortluTn  Illinois  Tniversity.  jt)bn  Durant  of  tbe 
Science  Museunu  London,  and  (Icoffrey  Thomas  of  University  of 
Oxford  Knjiland.  See  Miller  (1987). 

Most  of  tliese  questions  are  asked  in  a  true/false  format;  a  "don't 
know"  respcnise  is  accepted  but  not  offered  for  everv'  question,  Katlier. 
tbe  introduction  to  tbe  knowled^'J*  battery  states  tliat  "If  yt)U  don't  knnw 
t)r  aren't  sure,  just  tell  me  so.  and  we  will  skip  to  tbe  next  question/" 

A  few  questions  tbat  virtually  all  respondents  can  answer  ci)rrcctly 
are  iiu  luded  to  bolstei'  respondent  contidence.  bi  VM)  tlu*se  questions 
included  "Sunli^dit  can  cause  skin  ( ancer"  and  "Smoking  causes  lun^ 
cancer."  Ninety-live  percent  of  I'.S,  adults  over  IS  a^'reed  wilb  tbese 
statements.  These  are  examples  of  seientifie  fimlin^'s  tbat  have 
become  common  knowled^'e;  tbey  alst)  undeiline  tbe  extent  to  which 
/Vmehcans  experience  ScK: T  thnju^b  nied'cine. 
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Chapter  7.  Attitudes  Toward  Science  and  Technology 


Figure  7-4. 

Knowledge  of  13  scientific  conclusions:  1990 


Responses  to  individual  questions 

Don'l 

Correct 

Incorrect 

know 

1 .  'The  center  of  the  earth  is  very  hot. '  

79^0 

7% 

14% 

2.  The  oxygen  we  breathe  comes  from  plants." .  .  . 

85 

10 

6 

3  "Lasers  work  by  focusing  sound  waves."  

37. 

26 

37 

95 

2 

3 

5.  'Electrons  are  smaller  than  atoms."  

41 

24 

35 

6.  "Antibiotics  kill  viruses  as  well  as  bacteria.*"  .... 

30 

60 

11 

7.  "The  universe  began  with  a  huge  explosion."  .  .  . 

32 

33 

35 

8.  'The  continents  on  which  we  live  have  been 

moving  their  location  for  millions  of  years  and 

77 

8 

15 

9.  "Human  beings  as  we  know  then  today 

developed  from  earlier  species  of  animals.'"  .  .  .  . 

45 

41 

14 

10.  "The  earliest  humans  lived  at  the  same 

47 

36 

18 

1 1 .  "Which  travels  faster:  light  or  sound?"  

75 

20 

6 

12.  "Does  the  earlh  go  around  the  sun,  or 

does  the  sun  go  around  the  earth?"  

73 

20 

7 

Asked  if  question  12  was  answered  correctly: 

1 3.  "How  long  does  it  take  for  the  earth  to  go  around 
the  sun?  One  day.  one  month,  or  one  year?' .  .  . 

48 

18 

33" 

0    1    2    3    4    5    6    7    8    9   10  11  12  13   

Number  of  questions  answered  correctly 

'Includes  respondents  who  could  not  answer  **12  correctly 

SOURCES:  J.D.  Miller.  Public  Attitudes  Toward  Science  and  Technology.  1979-1990.  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences.  1991 );  and  unpublished  tabulations. 
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anlibiolics  kill  viruses,  (lisplayin)^  a  lundanicMilal  niisun- 
(Icrslandin^^  of  llic  (lil'lVrcnct's  anioii)^  lypc^s  ol  inicM'oor- 
^^anisnis  and  llu*  ottloacy  ol*  anlibiolics  in  llkduinK  <^*oni- 
moii  dis('as(»s. 

More  than  half  of  T.S.  adults  nvv  confused  about  very 
lon^^  linu'spans  in  the  history  of  tin*  earth:  pcrcvnt 
a^rtHHl  that  humans  li\  M  alon^^sidc  dinosaurs,  and  18 
pcMVcMil  did  not  know  the  answer  to  this  question.'' 

On  questions  that  n\]^h[  conlliet  with  some  rc^li^ious 
leachin)j:s,  the  response  rates  in  the  WW  survey  show 
that  adults  oftcMi  diose  belicM'  over  a  scicMitilic  interpreta- 
tion of  natural  histoiy.  In  the  case  of  c^'olution,  11  per- 
cent rej(rt(»d  tlu^  idea  that  "Human  beings  as  \\v  know 
them  today  developed  from  earlier  spcries  of  animals"; 
anolhtM'  M  percent  claimed  not  to  know  the  truth  or 
falseness  of  (evolutionary  iheoric^s  of  human  develop- 
ment. In  all,  then»  ^)^^  pcMvent  of  American  adults  either 
rejected  outri^dit  or  were  unccMlain  about  the  the(wy  of 
evolution.  In  a  similar  vv\n,  when  asked  about  the  origin 
of  th(^  univers(\  ?u\  percent  disa^^rcc^d  that  'The  universe 
be^an  with  a  hu^v  explosion."  and  another  I^o  percent 
claimed  not  to  km\\\ 

The  motions  and  timing  of  thc^  solar  system  W(Te  con- 
iusinjjf  to  many  respondents.  While  7:!  percent  knew  that 


■  Iiitcrprcliitinii  nfUiis  iiKru  nlor 's  pioblctiwilir.  ^iiia*  soiiir  ncation- 
ists  [\\<o  I.K'lirvc  thai  huniafis  ajul  (l;iu>saiir^  co-i-vi^tcd.  l':iiliin'  to 
answer  liiis  (jiu'^iion  (.■ornvtU  may  llui^  rdU  i'l  n'siuHHli'iits"  lack  ol 
hwwhdiiv  t)r  lark  uilwlii  f. 


the  earth  ^^oes  around  tin*  sun.  only  18  pcMveir  kiu»w 
that  this  journey  takes  1  yc^ar.  Kespondenls  also  have 
troubk*  with  the  atomic  world:  only  11  i)ercenl  could  an- 
swer cornrtly  that  "Kkrtrons  arc^  smaller  than  atoms"; 
Wv)  perccMit  said  tluy  didn't  know. 

These  response  pattcM'ns  indicate  tliat  most  Americans 
are  not  familiar  with  fundaiiKMital  scieniillc  theories  and 
do  not  understand  basic  characteristics  of  simple  lech- 
nolo^ic's.'" 

On  the  other  hand,  one*  of  the  clear  findin^^s  of  the 
Indicators  studies  is  that  the  low  k^el  of  knowled^^c*  of 
science  in  the  U.S.  adult  population  contrasts  sharply 
with  its  consistcMitly  strong  and  positive  attitudes  toward 
science.  Support  lor  StKiT  anions  the  T.S.  population  has 
rcMiiained  hiKh-  l^'ven  if  sonu*  obscM'vers  arc^  correc.  in 
predicting  that  the  low  U^vel  of  scientific  knowled^H* 
endangers  the  matcM'ial  progress  of  the  Nation,  there  is 
no  evidence*  of  a  decrease  in  K^'neral  public  support  lor 
the  institution  of  scicMice.  So.  at  least  for  now,  the  lack  of 
knowledge  of  scicMice  may  not  fiKure  prominently  in  the 
public  s  support  for  scicMicc*  and  scientists. 

What  Do  People  Think  About  Science? 

lor  over  WO  years,  at  U^ast  lour  out  of  live  Americans 
have  stated  that  science  and  technology  have  a  positive 

■  lim  ilw  v\U'\\\  ol  r.S.  knowledge  on  llicsc  iicuis  is  jiciicraily  rom- 
I)aral)lo  lo  (hat  ol  otlu'f  roiinlrics.  as  disnissod  iti  "Kiiowlcdu^'  "1 
Scicntiru"  Coiu'Kisioiis."  pp.  lS7-Si>. 
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cWvi  i  on  their  livvs.  Tlusc  aiul  similar  iiulicators  ol  pub- 
lic attituchs  toward  ScK:T  mv  discusstHl  in  this  siTtion.  ' 

*riu*  Ibllowiiiji  parajiraphs  discuss  measures  of  public 
attitU(U*s  toward  nst^arch,  scitMitists,  and  FtHltM'al  support 
of  sci(Mitific  rtst^arch.  Attitudes  toward  [h\w  lar^c  and  vis- 
ible tt^chnoloKY  programs  an*  tluMi  discusstnl,  Ibllowt^l  by 
a  clos(*r  look  at  data  indicating'  tin*  public  s  attitudt*  toward 
education  and  the  importance  of  (education  for  ScVr1\ 

Attitudes  Toward  Scientific  Research  and  Sci- 
entists. Thv  Indkciton  sui'vey  asks  a  numbcM*  of  ques- 
tions desijin^'d  to  int^asurt*  attitudis  of  tin*  adult  public 
toward  ScK:T.'^  (Si^e  appendix  tabh*  7-7.)  No  sin^Mi* 
assessment  of  public  attitudis  toward  StKrT  is  prtsiMitinl 
in  this  chapter;  it  is  important  that  all  of  the  measures  be 
taken  together  as  indicators  of  an  oviM'all  public  assiss- 
ment  and  that  no  undue  sij^nificance  hv  attaduul  to  any 
one  question. 

In  1957,  91  ptTcent  of  the*  AimM'ican  public  auriHul  that 
"SeiiMice  and  tirhnolo^n'  an*  makinvj  our  livi*s  bi^althiiM*, 
easier,  and  mon*  comfortabli*.*'  Bi*twi>en  1957  and  1979, 
the  percentage  a^niuMii^'  with  this  claim  (h'oppinl  to  the 
low  SO-percent  ran^u*.  but  this  appariMit  drop  may  hv  an 
artifact  of  different  sum^y  nuHhodolo^ni^s,  In  any  case, 
th(*  percentaj^e  aj^rt^ein^^  with  tin*  statenuMit  has  not 
changed  in  the  four  survi^ys  sinct*  1979.  Tin*  wvy  low 
ptMcentaue  that  (»ither  says  "don^t  know"  or  n*fusi*s  to 
answer  (h'om  2  to  \\  piMViMit)  su^^ests  that  respondiMits 
an*  unequivocal  when  making'  this  assessnuMit. 


Rt^spoiuUMits  also  f(*(*l  that  sci(*nc(*  is  important  in  tluMr 
own  liv(*s.  About  85  percent  disa^n^e  with  tlu*  stat(*ment 
that  "It  is  not  important  for  nu*  to  know  about  science  in 
my  daily  liU*." 

Hetw(*(*n  1979  and  1990,  (U*cr(*asin^'  pn)p()rtions  of 
respondents  a,t;reed  with  the  statement  that  "Science 
mak(*s  our  way  of  lift*  change*  too  fast" — a  statement 
deliberately  worded  with  a  ne^^ative  bias.  (See  figure 
7'^\)  In  1990,  ()0  p(*rcent  disaKn*ed  \\\\\\  tin*  stati*nu*nt, 
whik*  ;^7  p(*rc(*iit  aKn*(*d;  this  n*presi*nt(*d  a  shift  from  51^ 
perciMit  and  44  percent,  r(sp(*ctiv(*ly,  since  1979. 

Tlu*  Imiicators  sui*vey  also  asks  about  ^u*iK*ral  attitud(*s 
toward  scientific  n*search  in  a  mon*  complex  formulation. 
Rather  than  b(*inK  pn*senti*d  with  a  simple  aKre(*/dis- 
a.tjn*e  choice,  respondents  are  ask(*d  to  balance*  positive* 
and  nei^ativt*  (*ffects  in  the  question  "Would  you  say  that, 
on  balance,  tlu*  benefits  of  sci(*ntific  n*search  have*  out- 
W(*iKlu*d  tlu*  harmful  n*sults,  or  have*  tlu*  harmful  n*sults 
of  scientific  r(*s(*arch  been  ^Mvater  than  its  benefits?"-' 
(StH*  text  tabk*  7-:5.) 

Fi^nirt*  7-H  shows  tlu*  sti'on^dy  positive*  r(*spons(*s 
to  this  qu(*sti()n  by  ^u*iuU*r  and  education  lev(*l.  M(*n  an* 
more  likely  than  women  to  have  strongly  positive 

Tile  c|ucstii)ii  is  llicii  lollowcd  l)y  a  proix'  tor  decree  ol  Ikuih  or 
i)('iM'rit;  "Would  \'ou  sa>'  llial  l)alaiK'c  has  l)iM*n  slrou^ds'  in  lavor  o( 
IjoMcfu'ial  iliarnirull  nsiills.  or  only  sliKlilly?"  Surh  i)rol)('s  cnconra.tro 
tlu*  rcspondoMl  !o  rominiio  to  lonis  on  ihc  siihjccl  introdiio'd  in  the 
lirst  (nicslion.  and  i(l(*ally  lead  lo  a  nion*  ronsidi-ri'd  and  iliorou^li 
nsponso  overall  from  ilu*  individual  ri'spondi'nl. 


Only  pco|)lr.  uoi  nalions  or  other  ^'roup^.  possess,  attitudes. 
Mcnncssy  {VM'D  dtMint-s  an  altitude  as  a  radier  enduriuj^  orii-ntation 
toward  an  ohjeel  or  m-i  ol  objects.  llcMiiU's^y  set^  "attiludes"  midway 
l)e|ween  "opinions''  and  "beliel  systems"  in  his  lypolojry: 

•  0/)/;//////s  are  orientations  ol"  the  nionuMU  toward  soint*  spei'ilu*. 
and  passin.u:  or  rorilentporaiT.  e)l)jeiM; 

•  AttitHiUs  ai'e  more  diilMM'd  orientations  toward  an  ohjeiM  or  a  elass 
ol  (»l)jei'ts.  not  luvessarily  ol  llu'  nionu'iu  or  ronlrovcM  siaL  and  more 
stable  over  time:  and 

•  Hrlirf  :;ystrws,  or  i(leolo.u:ies,  are  j)r,u:ani/ations  ot  inii'^^rated  opin- 
ions and  altitudes elosely  identified  with  oiiesell. 

Hemu'ssy  (p,  iiS)  aiirues  that  to  have  attittuh^s.  an  individual  nui^t 
possess  ''minimal  eo^nitive  aetiviiy.  ime.i^raiive  vapaeity.  and  motiva- 
tional arousal.*'  r)ase(l  on  these  criteria,  it  is  lik(4y  that  l(*\\  individuals 
actually  possi'ss  allimdes  towurd  scii'm'(\ 

Miller  (19!)U))  aiXMies  that  most  persons  who  (|nalily  as  attenti\'e  U)  a 
s!'t  ol  issue's  aclualls  have  altitudes  toward  those  issues.  (Note  that  in 
this  chapter,  the  idea  ot  an  "attitude  toward  scietu-e"  reiers  lo  an  iufry- 
oin  ol"  an  attitude  based  on  siiiTcy  (juestion  resp«)n*^es.) 

Man>  ol  the  response  pattei'ns  shown  In-re  are  lor  the  altenti\'<' 
pnblies  and  tor  more  highly  educated  ^icJi'I^^  (>l  the  adult  population,  h 
may  be  assiimed  ihal  llie  responses  nt  these  .u:roup^  are  more  stable 
and  repr.'senl  more  .onsisteni  orientations  toward  tlw  subjects  bein^ 
asked  about  than  v  ould  i)e  the  cas«-  lor  the  rest  ot  the  i)opulalion  In 
short,  responses  Itir  attentive  and  eduraled  pers«)ns  are  more  likely  to 
reflect  attiludes,  noi  opinions. 

An  example  ol  the  volatility  in  public  opinion  is  shown  in  tijjure  7-n. 
In  the  spi  inj^  o!  1!)S0.  ihrre  wa^  an  increase  in  public  opinion  nolin.u: 
liiat  too  liitle  was  beinir  spent  on  the  niilitaiy.  .At  the  time,  the  Nation 
wa^  deeply  end)arrassr(l  over  the  Iranian  bosta^M-  crisis,  and  the 
Soviets  lia<l  just  invaded  Alirlia  sian.  This  very  strouu:  and  short-lived 
ehanire  was  probably  a  stroni;  snip  iu  opinion,  noi  attitudes.  The  mod- 
erately clianirinj^  response  patterns  jtisi  betore  and  alter  this  shitt  were 
probably  more  rellectiveot  attitudes. 

The  (juestions  are  purposelullv  desii^Mied  lo  lap  (1)  Kcm'i'al  atti- 
ludes and  (LM  assessnwiils  ol  more  specitie  asj)ects  ot  scii-nce. 
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Figure  7-5. 

Science  and  the  pace  of  life 

"Science  makes  our  way  of  life  change  too  fast. ' 
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Chapter  7.  Attitudes  Toward  Science  and  Technology 


Text  table  7-3. 

Public  assessments  of  scientific  research 


"Would  you  say  that,  on  balance,  the  benefits  of  scien- 
tific research  have  outweighed  the  harmful  results,  or 
have  the  harmful  results  of  scientific  research  been 
greater  than  its  benefits?"'^ 

1972  1974  1976  1979  1981  1985  1988  1990 

 Percent  


Benefits  greater.  . 

70 

75 

71 

70 

74 

68 

76 

72 

About  equal^ .  .  . 

13 

14 

15 

13 

11 

4 

5 

7 

Harms  greater .  . 

8 

5 

7 

11 

14 

19 

12 

13 

Don't  know/ 

no  answer  . . 

9 

6 

7 

6 

1 

8 

7 

8 

N 

=  2,209: 

>074  2,108  1.635  1 

,536  2 

,005  1 

,042  2 

,033 

NOTE:  Percentages  may  not  total  100  because  of  rounding, 

M  972-76  wording:  "Do  you  feel  that  science  and  technology  have 
changed  life  for  the  better  or  for  the  worse?" 

^Volunteered  by  the  respondent. 

SOURCES:  National  Science  Board,  Science  Indicators  - 1972  (Wash- 
ington. DC:  GPO.  1973):  Science  Indicators  - 1974  (Washington,  DC: 
GPO,  1975);  Science  Indicators  -  ^976  (Washington.  DC:  GPO.  1977): 
J.D.  Miller,  Public  Attitudes  Toward  Science  and  Technology, 
1979-1990.  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences, 
1991);  and  unpublished  tabulations. 
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alliluck^s  toward  soieiUific  res(»aivh.  by  about  10  pcrcent- 
afjc  points.  Stronjjly  positive^  evaluations  of  scicMitific 
research  also  iner(»ase  sharply  with  inereasinfj  levels  of 
education:  collejje  jjraduates  are  two  to  three  times  more 
likely  to  view  the  benefits  of  scientific  research  as 
"stronfjly  beneficiar'  than  are  people  without  a  hi^h 
school  diploma. 

The  survey  also  ex|)l()res  people  s  ptMVeptions  of  5f/>;/- 
tists  by  asking  respondents  to  ajjree  or  disajjree  that 
"Most  scientists  want  to  work  on  thinjjs  that  will  make 
life  better  for  the  average  person."  hi  the  U)85.  1988,  and 
1990  surveys,  80  percent  of  the  respondents  ajjreed  with 
this  statement,  indicatinjj  a  strong  trust  in  the  individual 
practicinjj  scientist  in  the  United  States."'  (See  appendix 
table  7-7.) 

Another  lon^-term  measure  of  public  perceptions  of 
science  comes  from  the  (ieneral  Social  Survey  (CISS)  of 
the  National  Opinion  Research  Center  (NORC)  at  the 
University  of  Chicago.  The  survey  asks:  "As  far  as  [he 
people  runnin^^  these  institutions  are  concerned,  would 
you  say  you  have  a  jjreat  deal  of  confidence,  only  some 
confidence,  or  hardly  any  confidence  at  all  in  them?" 
Since  197:^,  between  [^6  and  45  p(»rcent  of  the  respon- 
dents have  (expressed  a  "jjreat  deaf  of  confidence  in  ihv 
people  running  science.  (See  fijijure  7-7.)  The  ratinjjs  for 


Shan)ly  coiitrastini^  results  I'nnn  sonu'  Kuiopcan  tounirics  on  a 
>;iniilar  qucslion  iwv  iJivsciUi'd  in  "Alliludrs  Ibward  S  vV:  T."  pp.  lHI-vS<i. 


Figure  7-6. 

Assessments  of  scientific  research 
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Percentage  of  public  saying  that  the  benefits  of  scientific  research 
are  substantially  greater  than  its  harmful  results. 


See  appendix  table  7-8. 
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Figure  7-7. 

Public  confidence  in  people  running  selected  institutions 


Percentage  expressing  a  "great  deal"  of  confidence 
70,  


1973    1974    1975    1976    1977    1978    1980    mk    1983    1984    1986    198/    1988    1989  1990 


NOTE:  Survey  not  conducted  in  1979  or  1981.  and  question  not  asked  in  1985, 

and^the^pres^  medicine,  the  scientific  community.  U.S.  Supreme  Court,  the  military,  education,  major  companies,  organized  religion, 

See  appendix  table  7-9.  Science  &  Engineering  Indicators  ~  1991 

scitMicf  hwv  usually  bivn  st^coiul  only  to  niKliciiit\  aud 
contrast  with  K^Mierally  downward  evaluations  of  peopU* 
running  educational  and  political  institutions,  religion, 
and  the  press.  (See  a|)|)endix  tablt*  7-9.) 

The  Federal  Role  in  Science.  In  198.5,  19HH,  and 
1990.  the  Indicators  survey  asked  respondents  about 
their  attitudes  toward  Federal  fundinji  of  scientific 
research  even  if  it  has  no  apparent,  immediate  bentfits. 
("Kven  if  it  brinj^s  no  immediate  benefits,  scientific 
research  which  advances  tlu»  frontiers  of  knowledjie  is 
necessary  and  should  be  supported  by  the  Federal 
(iovernment.")  About  four-fifths  of  the  adult  population 
agreed  with  this  statement  in  all  three  surveys,  and  15  to 
K)  percent  disaj^reed.  (See  fij^ure  0-24  in  Overview.) 
These  responses  siij^Kt^^st  a  stronj^  public  support  for 
Federal  fundinj^  of  basic  research.-' 

Assessments  of  Three  Technology  Programs. 

The  IJ,S.  ptd)lic  is  less  optimistic  wIumi  asst»ssinj^  the 
costs  and  bmu^fits  (or  risks  and  benefits)  of  technoluj^i- 
cal  programs  than  of  scientific  n^search  j^enerally. 

Between  198.5  and  1990,  assessments  of  tlu»  risks  and 
benefits  of  genetic  iMij^iiUHMinj^  research  chanj^ed  hardly 
at  yll.  in  both  1985  and  1990,  over  45  percent  of  respon- 


•|"nr  (lata  m  l"\'(h'ral  tuiulin)i  ol  l)a^it'  and  olluT  rrscardi,  sec  rhajh 
l(T  1.  '  Ffdc'ral  Support  Inr  \<k\ )."  pp.  ^KMOL^ 
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dents  stated  that  the  benefits  of  ^^enetic  enKineeriuK 
research  either  substantially  exceed  or  slij^hlly  exceed 
the  potential  risks.  Relatively  larJ^e  proportions  overall 
refused  to  answer  or  responded  "don't  know,"  sugK<^»st- 
inji  that  public  attitudes  toward  such  research  and  devel- 
opment (R&D)  have  not  stabilized.  (See  appendix  table 
7-10.)  hi  this  question,  the  use  of  the  phrase  "creation  of 
new  life  forms  throuj^h  j^enetic  engineerinj^  research" 
may  influence  response  patterns  in  a  nej^ative  direc- 
tioiK^'Men  and  people  with  collej^e  degrees  are  some- 
wliat  more  positive  about  the  benefits  of  genetic  engi- 
neering research  programs. 

Patterns  of  public  attitudes  toward  the  "use  of  nuclear 
n^actors  to  generate  electricity  *  show  greater  entrench- 
ment of  attitudes  on  both  positive  aiid  negative  extremes 
than  genetic  engineering.  (See  figure  7-8.)  Urger  pro- 
portions of  both  the  total  public  atid  people  at  all  educa- 
tion levels  judge  the  risks  of  nuclear  power  to  be  sub- 
stantially greater  than  its  benefits,  and  fewer  p(H)ple 
respond  "don't  know*'  or  refuse  to  answer.  Men  are  more 
likely  to  evaluate  nuclear  energy  positively  than  women, 
and  women  are  mon*  likely  to  respond  "don't  know." 
From  1985  to  1990,  some  reduction  in  iiegative  assess- 
ment may  have  occurred  among  college  graduates, 

Sec  OTA  (1!)M7)  |(,r  lurlhcr  Undines  on  public  allitiulcs  toward 
IjiolcrhnolojsMcs. 
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Assessments  of  nuclear  power  and  genetic  engineering:  1990 


Lg.-^s  than  high  school 
Higi  J  school  graduate 
College  graduate 


Less  than  high  school 
High  school  graduate 
College  graduate 


10 

—I — 


Substantially 
positive 


Nuclear  power 


I 


20 


30_ 


50 


60 


Only  slightly  positive 


About  equal 
or  don't  know 


70 


80 


Only  sligtitly 
negative 


Genetic  engineering  research 


90 


100 


Substantially 
negative 


See  appendix  tables  7-10  and  7-11  for  exact  question  wordings. 
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tlioiiK^h  a  (iuart(M'  of  tlitsc  nspoiultMils  still  tVll  that  the 
risks  of  nucU^ar  powtM*  siibslanlially  cxcvvd  its  IxMU^fils. 

AssossiiuMils  of  spaa*  (exploration  an»  chaiiKinK— ami 
ill  a  n(»Kaliv(»  diivctioii.  Px^wwn  1985  and  1990,  the*  pro- 
portion reporting  "b(MU»fits  exceed  eosts"  tell  from  ry.) 
percent  to  42  percent,  and  the  proportion  more  con- 
C(M'ne(l  with  costs  ()llt\V(MJ^hin^^  l)(MU»rits  ^rew  from  ?>H  to 
47  pcMVenl.  (See  fiiiuvv  7-9.)  These  chan^^^  wen*  r(»poi1- 
ed  l)y  both  nuMi  and  women  (though  men  overall  v^vw 
mow  p()siliv(0  and  by  all  education  l(»vels.  'I'lu*  propor- 
tion of  college  Kradiiat(*s  perc(MvinK  siil)stantially  Kn*at(*r 
costs  than  benefits  in  spac(*  exploration  ^tvw  from  17  to 
24  percent,  (See  app(»n(lix  tabk*  7-12,) 

Another  dimension  of  deelinin^  positive  attitudes 
toward  space  exploration  can  b(*  s(hmi  in  tin*  ehan^inK^ 
extremes  of  positive  versus  negative  assessments. 
Respondents  W(m*(*  askiul  if  tlu*y  f(*lt  that  the  b(MU^fits 
Irisksl  slightly  ov  substantiallyvxcvvd  risks  [benefitsl.  In 
the  case  of  spac(*  (»X[)l()rati()n.  the  extrenu*  ass(*ssnKMUs 
favoring  b(MU*tits/W/  by  9  p(*rc(»ntaKe  points,  and  assess- 
nuMits  of  substantially  (*xcess  costs  grew  by  7  percentage 
points  between  U)8r)anu  ]99().'' 


Omiparr  llii^  with  piiblii*  pivlciU'iu'is  lur  spcndinK  '»n  scvcnil  pro- 
Kranis:  sec  "Spending  lYcliTciu'cs."  p.  180. 


'llu^se  chanuinKassessmcMitsof  th(*  spaci*  program  pro- 
vide an  oppoilunity  to  stress  the  (liff(M*(Mit  patterns  of  alti- 
tudes between  the  attentive  publics  and  the  ^^eneral 
public.  ()v(M*  two-thirds  of  the  att(Mitiv(»  public  for  space 
(exploration— a  highly  (educated  unnip  of  ri^spondents— 
continued  to  k\A  in  1990  that  the  l)(Miefits  of  si)ace  (^xpk)- 
ration  excised  its  costs,  compared  with  42  piMVent  of  tin* 
•(en(»ral  adult  population.  (S<»e  appiMidix  tabU*  7-12.)  Whik* 
in  1990  f(^v(M'  of  the  attentive  public  for  spacH*  (exploration 
c()nsid(ere(l  tin*  b(Mufits  of  tin*  program  to  be  "substan- 
tially" Kreat(M'  than  its  costs  than  was  tlu^  case  in  1988.  rela- 
tiv(4y  mon^  consickMuxl  the  ben(fits  to  be  "slightly"  ^reaKM*. 

S(»veral  int(M'pretati()iis  of  tliis  d(vline  in  i)()sitiv(^  atti- 
tudes toward  th<»  space  program  are  possible.  Miller 
(1991b)  stress(s  the  diffenMit  patterns  for  this  indicator 
lor  [hv  iivnvnl  public  and  the  att(Mitive  public  for  space 
exploration,  statin^,'  that  ihv  att(Mitive  i^ublic  is  able  ''to 
place  short-term  advances  and  setbacks  in  a  broader 
C()nt(»xt/'  He  points  out  that  there  arc^  no  active  anil- 
spac(»  k'roups.  as  is  tin*  cas(»  with  nuck^ar  reactors,  and 
b(4i(»V(s  that  spac(»  (exploration,  whik*  highly  visible,  has 
r(4ativ(»ly  low  political  saliency  to  citi>:(Mis  not  att(Mitive  to 
spac(*  (exploration. 

Another  interpretation  of  thesc^  chanuinK  attitudes 
miuht  hold  that  the  Challenger  accicl(Mil  (which  occurred 


Figure  7-9. 

Assessments  of  space  exploration 
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NOTE:  Responses  for  "about  equal"  and  "don't  know"  are  omitted. 
See  appendix  table  7-12. 
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just  a  iVw  nionlhs  aftcM'  collection  of  the  198r)  data  ivporl- 
(*(1  hcr(Or'  Ihc  Ioiik-ki'^hiikIccI  and  troubled  shuttle  fleet, 
the  current  debates  about  the  costs  ol  the  spacc^  station, 
and  the  debate  about  the  benefits  ol  unmanned  V(m*sus 
manned  spaceflij^hts,  have  combined  to  incrc^ase  i)ublic 
consciousness  of  the  human  and  financial  costs  of  the 
space  program  and  what  mi^^ht  be  achieved  if  the 
resources  were  put  to  other  uses. 

hi  any  case,  the  chan^^es  in  these  indicators  of  public 
support  for  space  exploration  stand  out  anions  the  indi- 
cators discussed  in  this  chapter.  Public  attitudes  toward 
SclC'T  in  the  United  States  have  betMi  notably  stable  over 
the  past  decade,  and  chau^n^s  in  attitude  of  this  ma^Mii- 
tude  and  consistency  toward  a  lai'^^e,  i)ublicly  funded, 
technological  iM'o^ram  warrant  continued  atiention  and 
inteipretation. 

Public  Attitudes  Toward  Education 

Recent  increased  attention  in  the  United  Staies  to  the 
quality  and  amount  of  education,  esi)ecially  (education  in 
science  and  mathematics,  is  reflected  in  i)ublic  attitudi- 
nal  data.-'^  The  following  indicators  of  three  themes  in 
public  attitudes  toward  education  ai'e  prestMited  below: 

•  'I'he  links  peo|)le  make  between  education  and 
achievinjj  other  national  ^oals; 

•  Public  concerns  about  and  assessments  of  the  qual- 
ity of  education  in  the  United  States;  and 

•  Public  si)e!ulinK  |)references  for  a  numbiM'  of  nation- 
al objectives^  including  education. 


StT  NSH  {\W7)  lor  a  discussion  ol  tho  cHrcis  ol  ihc  Challoii)^'('r 
aividcni  on  attitiulcs. 

"Measures  ol  studoni  piTlorniaiu'f  arc  rcportt'd  in  i  hapicr  1. 
'Snulrnls:  .Vhit-vt'inont,  InltTcsi,  and  C*()urst'Wori<."  pp.  H>-27:  rrUM  in 
iiiovt'iiUMits  arc  covered  in  diaptor  1,  "Hio  Policy  Conloxt,"  pp.  I!  1-10, 


The  Role  of  Education.  '\  hv  AmcM'ican  public  sees  a 
clear  link  betwt^en  education  and  other  national  ao'dh.  In 
1990,  a  re|)res(Mitative  sampU^  of  the  adult  U.S.  popula- 
tion was  askt^d  to  asst^ss  tlu^  impact  of  an  incrc^ase  in  th(* 
number  of  collc^nn^ducatc^d  Americans  on  three*  ^^'ncMal 
arenas:  solvinj^  social  ijroblems;  comiKlin^^  in  internation- 
al ti'ade;  and  advancin^i  sci(Mic(\  medicine,  and  technolo- 
jiy,  StA'enty-five  percent  stated  that  if  more  Americans 
werc^  to  comi)lete  c()lU%u\  a  "bi^^  imiJrovement"  would 
result  in  advancements  in  science,  medicine,  and  tech- 
nology. (vSee  fi^nnv  7-10.)  Kilty-five  to  sixty  i)ercent  felt 
that  bi^^  imijrovements  would  n^sult  in  solving  social 
l)roblems  such  as  crime,  dru^^s,  and  homelessnt^ss,  and 
in  tlu^  U,S,  ability  to  comijett^  cTonomically  with  the*  a^sl 
of  the*  world.  Kesjiondents  were  more  jjessimistic  about 
solvin^^  social  ijroblems  than  about  achieving  advances 
in  international  trade  and  in  St^cT. 

In  another  national  i)oll  taken  in  1989,  respondents 
were  ^\wn  a  list  of  choices  in  answering  the  cjut^stion, 
"Which  is  the  best  i)olicy  for  improving'  ijroductivity  in 
the  United  Staters?"  (iiven  the  choices  of  investing?  in  new 
l)lants  and  e(|uii)ment,  reducing'  K^overnment  retjulation 
of  business,  increasin^^  expenditures,  and  improv- 
ing education  and  job  trainin^^,  54  i)ercent  felt  that 
imi)r()ved  education  and  job  training  would  be  tlu^  best 
I)olicy  crimes  Mirror  1989).  (See  fi^nuv  7-11.)  Only  10 
l)ercent  felt  that  increasintj  K&\)  expenditures  would  be 
the  best  i)()licy  for  improvin^^  ijroductivity. 

Concerns  About  Education.  Sincc^  1985,  the  pei* 
ctMita^^e  of  U.S.  adults  who  a^n'ee  that  th(^  ^'quality  of  sci- 
ence and  matluMiiatics  education  in  American  schools  is 
inadequate"  has  risen  from  1)3  to  72  |)ercent.  (Set*  fifjurt* 
()-j!5  in  Ovc^rview.)  The  adult  i)ublic  also  thinks  that  the 
quantity  of  science*  and  mathematics  education  should 
be  increased.  Nearly  90  i)ei'cent  a^^ree  that  "every  U.S. 
hi^h  school  student  should  be  rc^quired  to  take  a  mathe- 


Figure  7-10. 

Benefits  of  college  education:  1990 


"If  more  Americans  were  able  to  get  a  college  education,  do  you  think  there 
would  be  a  big  improvement,  some  improvement,  or  little  improvement  toward , . 


Solving  social  problems  like 
crime,  drugs,  and  homelessness 


r 


"1  Little  improvement 


I  Some  improvGtnent 


]Big  imp/ovement 


The  U.S.'s  ability  to  compete 
economically  with  the  rest  of  the  world 


1 


Advancements  in  science, 
medicine,  and  technology 


30 


""40 
Percent 


lo" 


60 


70 


80 


ERIC 


NOTE:  N=  1.014. 

SOURCE:  Council  for  Advancement  and  Support  of  Education.  Attitudes  About  American  Colleges  1990  (Washington,  DC  1 990).  p.  21 . 

Science  &  Engineering  Indicators  ~  1991 


180 


Chapter  7.  Attitudes  Toward  Science  and  Technology 


Figure  7-11. 

Proposals  for  improving  U.S.  productivity:  1989 


"Which  is  the  best  policy  for  improving 
productivity  in  the  United  States?" 


Improve  education/job  training  - 
54% 


None/don't 
know  -  8% 


Increase 
expenditures 
on  R&D -10% 


Invest  in  new 
plants  and 
equipment  -  14% 


nouuCe 

government 
regulation  of 
business  -  13% 


NOTE:  N  =  2,048. 

SOURCE:  Times  Mirror  Center  for  the  People  and  the  Press,  "The 
People.  Press,  and  Politics,"  data  diskette  (V\/ashlngton,  DC,  1989). 
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matics  course  each  year,"  and  about  7;^  percent  afjree 
that  hiKh  school  students  should  take  a  science  course 
(»very  year. 

llie  (iallup  Organization  and  the  Times  Mirror  Center 
for  the  People  and  the  Press  have  been  tracking 
American  concern  over  educational  and  other  issues.  In 
1988»  89  percent  of  the  adult  public  stated  that  they  were 
concerned  abont  "a  decline  in  the  quality  of  education" 
in  the  United  States,  and  5;^  percent  were  "veiV*  con- 
cerned about  such  a  decline  (Times  Mirror  1989).  (See 
text  table  7-4.)  Further,  75  percent  were  concerned 
about  "the  loss:  of  U.S.  leadership  in  science  and  technol- 
ogy overall.     percent  were  "very"  concerned. 

In  1989,  on  a  similar  set  of  questions*  Americans  were 
asked  to  assess  whether  the  United  States  "is  very 
strong,  strong,  weak,  or  very  weak  compared  to  other 
countries"  in  a  number  of  areas.  Pewer  than  half  felt  that 
the  United  States  is  either  very  strong  or  strong  in  "our 
system  of  public  education,"  and  half  felt  that  the  United 
States  is  weak  or  viMy  weak  compared  to  other  countries 
in  educating  its  citixens.  (See  figure  7-12.)  For  contrast- 
iiiK  measures,  respondents  on  this  survey  were  asked  to 
compare  the  United  States  with  other  countries  on  "tech- 
nical and  enfjineerinfj  innovation"  and  "scientific 
r(»search."  Sixty-nine  percent  rated  the  United  States  as 
strong  or  very  strong  on  innovation,  and  79  percent 
assessed  U.S.  scientific  research  as  strong  or  very  strong 
in  comparison  with  other  countries.-' 

Spending  Preferences.  AnuTicans  say  they  are  will- 
iiiK  to  spend  more  for  education.  Since  197;i  the  (ieneral 

'HowcvtT.  coiilfast  !h('S(>  IliulinK's  with  siDiilar  (iiicstions  comparing 
siKrillo  n)urUri('s:  st»e  "Pcrn^ption  ol  Intcrnalional  Slandiii^'  in  SiK:  1 /' 


Social  Survey  has  been  asking  people  if  they  think  "were 
spending  too  much  money,  too  little  money,  or  about  the 
right  amount"  on  various  national  problems.  Through 
1977,  about  half  the  public  felt  that  not  enough  money 
was  being  spent  on  education.  (See  figure  7-13  and  fig- 
ure 0-25  in  Overview.)  By  1985,  that  percentage  had 
risen  to  60  percent;  it  then  climbed  sharply  to  over  71 
percent  in  1990.  Percentages  responding  "about  right" 
and  "too  much"  both  fell  throughout  the  decade  (NORC 
annual  series). 

P^ducation  is  a  problem  area  in  which  Americans  have 
felt  too  little  money  is  being  invested;  other  such  areas 
are  "improving  and  protecting  the  Nation's  health"  and 
"improving  and  protecting  the  environment."  By  1990, 
over  70  percent  of  Americans  felt  too  little  was  being 
spent  on  these  three  problem  areas.  In  contrast,  around 
10  percent  thought  too  little  was  being  spent  on  the 
space  exploration  progi'ain.'^" 

Second  Thoughts  About  S&T 

Americans  are  not  always  oriented  positively  toward 
science.  To  probe  these  dimensions  of  U.S.  attitudes 
toward  S&T,  several  questions  have  been  asked  over 
the  years  to  elicit  respondents'  attitudes  when  conflict 
occurs  between  science  and  other  values.  These  ques- 
tions are  discussed  in  the  following  paragraphs,  along 
with  public  confidence  in  new  technologies. 

Science  and  Values.  In  1957,  50  percent  of  U.S. 
adults  agreed  that  "We  depend  too  much  on  science 
and  not  enough  on  faith."  (See  appendix  table  7-7.)  In 
1990,  that  proportion  did  not  change.  Further,  in  1990, 


^'C()ini)aiv  i1h'S(»  r('S|K)nst's  with  tin*  cosl/benK^fil  asscssnuMils  of  ihv 
U.S.  s|)ac('  exploration  program  noted  in  "Asscssnu-nts  of  Three 
Technol()K7  IVo^ntnis,"  pp.  17779.  For  an  ini(»r|>rclation  of  tlu*  reniark- 
abk»  1980  deviation  in  preferences  on  niilitar>'  spcnuHnK.  see  footnote  20. 


Text  table  7-4. 

Public  concern  about  U.S.  science,  technology,  and 
education:  1988 

7  am  going  to  read  you  a  list  of  potential  problems  facing  the 
United  States.  For  eacfi  one,  please  tell  me  fiow  concerned 
you  are  that  it  will  fiappen." 

Degree  of  concern 

Sonne-    Not  Not  Don't 
Very   what     too  at  all  know 


 Percent  

The  loss  of  U.S.  leadership 

in  science  and  technology. . .  33      42      18      3  5 
A  decline  in  the  quality  of 

education  in  the  U.S   53      36       8      2  2 

NOTES:  N  =  3,021.  Percentages  may  not  total  100  l)ecau8e  of  rounding. 

SOURCE:  Times  Mirror  Center  for  the  People  and  the  Press,  **Th8 
People.  Press,  and  Politics.**  data  diskette  (Washington.  DC.  1989). 
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Figure  7-12, 

U.S.  strength  in  education,  innovation,  and  science:  1989 


"Would  you  say  today  that  the  United  States  is  very  strong,  strong, 
weak,  or  very  weak  compared  to  other  countries  In  the  following  areas?" 


Our  system  of  public  education 


Technical  and  engineering  innovation 


an 

Scientific  research 

Very  strong  Strong 

1        ,         1         ,         i         .        i         I         1         1         1         .        1  1 

1 

Weak       Very  Don't 
weak  know 
I.I.I 
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40 


50 
Percent 


60 


70 


80 


90 


100 


SOURCE:  Times  Mirror  Center  for  the  People  and  the  Press.  "The  People,  Press,  and  Politics,"  data  diskette  (Washing!  n.  DC,  1989). 
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about  a  thii'd  of  the  iH^spondonts  ajiiwd  with  the  vv\i\[- 
ed  proposition  that  "One  of  the  bad  effects  of  science  is 
that  it  breaks  down  people  s  ideas  of  rij(ht  and  wronfj"; 
this  percentage  has  chanjjed  little  over  the  past 
decade.  About  60  percent  disajireed,  however,  that  sci- 
ence breaks  down  ideas  of  rifjht  and  wronji.  Rejection 
of  scientific  explanations  for  natural  phenomena  sug- 
Kests  an  undercurrent  of  fundamental  adherence  to 
religious  and  other  explanations,  even  if  most  adults 
highly  value  science  and  think  it  has  improved  their 
daily  lives. 

Use  of  Animals  in  Research.  Over  the  past  5 
years,  attitudes  toward  the  use  of  animals  in  research 
have  changed  in  the  United  States.  Between  1985  and 
1990,  the  percentage  of  respondents  feeling  that 
research  causing  pain  or  injury  to  animals  is  justified  if 
such  research  results  in  new  knowledge  about  human 
health  has  fallen,  dropping  from  6[)  percent  to  50  per- 
cent.(See  figure  7-14.)  Over  the  same  period,  the 
number  of  Americans  who  reject  such  use  of  animals 
has  grown  from  'M)  to  44  percent. 

Support  for  anti-vivisectionist  positions  has  gi'own  in  the 
U.S.  population,  but  it  has  not  yet  I'eached  the  level  found 
in  other  countries.  In  Britain,  a  1988  survey  found  that  only 
[M\  percent  agreed  that  I'esearch  causing  pain  or  injuiy  to 
animals  is  justified  if  it  results  in  new  knowledge  about 
human  health  (NSB  1989).  In  Canada  in  1990,  only  44  per- 
cent agreed  with  the  same  statement  (Kinsiedel  1990). 

Expectations  for  New  Technologies.  Optimism 
about  the  development  of  technology  'lo  counteract  any 


''llu'  Indiaiton  (iiirstioii  is  (irsi^Mird  lo  strrss  \\\v  payolTs  for  human 
health  (jI"  such  iisr  of  animals,  'llu'  (inrstioii  is  also  piirposchillv 
l)n)V(K\:tivr  by  usin^  "dojzs"  atui  "oliiinpanxcr  s"— ratlu-r  than  niiic—in 
order  lo  dk  il  attiliuii's  toward  usr  ol  ihrse  lar^^M-r  niainnials, 


ERIC 


Figure  7-13. 

Preferences  for  national  spending 
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Percentage  of  public  who  think  the  U.S.  is  spending 
too  little  money  on  selected  objectives 


Improving  the  Nation's  / 
education  system  / 


Improving  and  protecting 
the  environment 


\    Military,  armaments. 
\^     and  defense 


I 


Space  exploration  program 

 I  lJ  1    I  I 


1974     1976    1978    1982    1984    1986     1988  1990 


NOTE:  Survey  not  conducted  in  1979  and  1981. 

SOURCE:  National  Opinion  Research  Center.  General  Social  Surveys 
Cumulative  Codebook  (Chicago:  University  of  Chicago,  annual  series). 

See  appendix  table  7-1 4.     Science  &  Engineering  Indicators  -  1991 


1r)  ^ 


182 


Chapter  7.  Attitudes  Toward  Science  and  Technology 


harmful  conseciuiMices  of  techiiolojiical  (k'vel()i)iiuMit" 
has  (Ifcliiied  since  l^iSf).  (Svv  fiKuiv  T-IT).)  hi  that  ycdw 
47  piTcent  agreed  that  new  inventions  would  always  hv 
foiuid  to  counteract  technological  damage;  by  IWO  that 
percentage  had  dropped  to  1^7  i)ercent.  1  he  |)r()i)()rti()n  of 
respondents  who  disagreed  with  the  proposition  j^rew 
from  45  to  5()  piMTent. 

Americans  have  been  inimdated  with  news  of  disas- 
ters like  the  Valdez  oil  spill,  the  Challenger  accident,  the 
Chernobyl  explosion,  and  other  problems.  The 
decreased  optimism  rtboiit  tlu^  availability  of  technolojji- 
cal  llxt's  for  these  problems  may  rellect  growin,^  doubt 
about  the  tractability  of  much  of  this  damage. 

International  Comparisons  of  Attitudes 
Toward  S&T 

As  countries  have  increasingly  measured  and 
assessed  their  national  efforts  in  StScT  over  tin*  past 
decade,  they  have  also  (kMiioiistrated  a  growing  interest 
in  national  public  attitudes  toward  ScVrT — and  the  compa- 
rability of  these  attitiuU^s/''  Occasional,  internationally 


YUr  iri'ciU  j^n>^vlli  in  \\\v  iiiimhcr  ol  fcscjui  luTs  rcnidikMiiiK  sni- 
vrvs  ol  aniliidis  toward  Si"vT.  and  ol  .u^JVCM'iimriils  and  other  bodies 
sponsoring  sneh  surveys.  K-d  lo  the  lonnation  in  IMIH)  n\  llie 
International  C'ouiu'il  loi  the  Study  of  Piihlie  Altitudes  Toward  S\T. 
The  Coinu'il  meets  onee  a  year  to  eoonhnule  snn'ey  plans  and  disenss 
leelniiea!  and  other  (|nesli(»ns  involving  eoMi|)arahility  ol  the  d;ita.  The 
Council's  next  ineetiuK  will     in       in  Tsnkiil)a.  Japan. 


Figure  7-14. 

Research  with  animals 

"Scientists  should  be  allowed  to  do  research  that  causes 
pain  and  injury  to  animals  like  dogs  and  chimpanzees  if  it 
produces  new  information  about  human  health  problems. " 


Percent 


Disagree 


1985  1988  1990  1985  1988  1990 
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Figure  7-15. 

Trust  in  technology 

"New  inventions  will  always  be  found  to  counteract  any 
harmful  consequences  of  technological  development. " 

Percent 

I  1 60 


Agree  Disagree 
See  appendix  table  7-7.    Science  &  Engineering  Indicators  -1991 


comparative  sum'V  woi'k  has  hcvn  ivportc^d  in  Indicatnn 
iVoiii  as  early  as  1980.  By  llu*  cmkI  ol  the  decade,  the  {.(ov- 
erniiKMits  of  (ireat  Britain.  France,  and  japan  were  all 
sponsorin^^  national  altitiidt^s  surveys,  usually  with  some 
coordination  on  cpu^stions  and  tluMues  with  the  U.S. 
Indicators  series.  National  sui-veys  of  the  adult  publics  in 
Canada  in  li)89  and  japan  in  1990  featiuvd  extensive 
coordination  with  U.S.  researchers,  thus  adding  valuable 
data  to  this  jit'owin^  body  of  comparativt*  research 
(Kinsiedel  1990  and  Office  of  the  IVime  Minister  of 
japan  1991). 

hi  19K9.  the  Kiu'opean  Community  (KC).  through  the 
KurobaromettM'  program  of  tlu*  Commission  of  the 
Kin'opean  Communities,  sponsored  an  KC-wide  survey 
of  |}id)lic  allitudes  toward  and  knowlc^lKe  of  S<)v:T  (CIX^ 
1989).*'  In  one  strokt\  the  number  of  countrit^s  w^ith 
comparable  data  on  soiut^  of  the  traditional  hidicatnn 
measurt^s  increased  from  4  to  If).  (S(v  ^'Availability  of 
Data."  p.  18;>.)  The  following  comparisons  are  based  on 
the  KC  surwy  of  VI  nations  of  Huroi)e  (1989)  and  sur- 
veys in  japan  (1990).  Canada  (1989).  and  the  United 
States  (1990)/' 


NSIJ  (U)Si))  n-porlcd  sonic  early  dnln  lioni  lliis  KC  siirvrv,  but 
none  at  \\\r  iialitHial  Irv(^l. 

'CoiiiparifiK  siiivi  y  rcsiills  Iroin  this  many  nmiiirics  is  ncM  unprob 
Icmadr,  (Icspiic  ilu^  roorditialivf  ('llorts  luadr  atid  ^ivrn 
!(i  l(rliniral  lomparabilily  ol  survey  operations  Tlie  itulieators  dis- 
eussed  in  ihi^  seelion  should  be  inlerpreled  eauliously  ))odi  Inraiise 
ot  ibe  tiortnal  nieasureiueni  eirois  eueoDiileied  in  any  public  r.unry 
as  well  as  (be  lollowinu  l  onsideralions: 
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Availability  of  Data 


The  following  paragraphs  provide  information  for 
potential  users  of  the  large  data  sets  discussed  in  this 
chapter. 

Canada:  The  telephone  survey  of  2.000  Canadians 
was  performed  by  Decinia  Research  of  Toronto  under 
the  direction  of  Edna  Einsiedel,  University  of  Calgary, 
in  November  and  December  1989.  The  survey  per- 
formers telephoned  adult  Canadians  at  random,  strati- 
fied according  to  the  population  in  each  province. 

Data  diskettes  containing  the  Canadian  survey 
results  can  be  obtained  from  Professor  Einsiedel, 
Graduate  Program  in  Communication  Studies.  Uni- 
versity of  Calgary.  Other  details  on  survey  methodology 
and  results  as  well  as  the  questionnaire  are  in 
Einsiedel  (1990);  further  analyses  of  the  data  are  pre- 
sented in  Einsiedel  (1991). 

European  Community:  The  12-nation  sui-vey  for 
the  Eurobarometer  program  of  the  EC  was  coordinated 
by  Faits  et  Opinions  in  Paris  and  conducted  by  affiliated 
survey  groups  in  each  country  in  March  1989  (CEC 
1989).  The  data  are  stored  at  the  Belgian  Archives  for 
the  Social  Sciences  (1  Place  Montesquieu*  B-1348 
Louvain-La-Neuve).  The  in-persoii  interviews  were  con- 
ducted with  adults  15  years  of  age  or  older  using  u  vari- 
ety of  sampling  methodologies  in  the  different  coun- 
tries. See  also  Bauer,  Durant,  and  Evans  (1991)  and 
Durant  et  al.  (1991)  for  analyses  using  these  data. 

This  chapter  rei)orts  data  from  the  EC-sponsored  sur- 
vey for  the  12  member  countries  and  for  the  Community 
as  a  whole  (reported  as  **Europt*").  Country-level  data  are 


weighted  to  the  populafion  profile  of  the  individual  coun- 
tjy,  and  data  for  Europe  are  sepaiately  weighted  to  the 
total  of  the  Community  member  nations. 

Japan:  The  Japanese  survey  was  conducted  in 
January  1990  by  Shin  Joho  Center  of  Tokyo  for  the 
Office  of  the  Prime  Minister  of  Japan.  Using  a  two- 
stage  stratified  probability  sample,  the  survey  per- 
formers conducted  in-person  interviews  with  2,239 
adults  18  years  or  olden 

Further  details  on  survey  methodology  and  ext(Mi- 
sive  data  tables  are  presented  in  Office  of  the  Prime 
Minister  (1991).  As  of  this  writing  the  data  diskettes 
have  not  been  made  available. 

United  States:  Tabulations  from  the  1979,  1981, 
1983,  1985,  1988,  and  1990  surveys  are  reported  in 
Miller  (1991a).  and  the  data  diskettes  with  complete 
documentation  for  these  surveys  are  available  from 
the  International  Center  for  the  Advancement  of 
Scientific  Literacy,  Chicago  Academy  of  Sciences. 
2001  N.  Clark  Street.  Chicago,  IL,  60614  (telephone: 
312-549-0607).  A  codebook  incorporating  the  results 
from  1979  through  1990  is  also  available  at  a  nominal 
charge  from  the  center. 

The  1985  survey  data  set  includes  two  additional 
interview  cycles,  one  each  following  the  Challenger 
and  Chernobyl  accidents.  Data  from  before  1979  are 
reported  in  NSB  (1973. 1975,  and  1977). 

See  Miller  (1987)  and  Miller,  Prewiti,  and  Pearson 
(1980)  for  discussions  of  question  design  and  survey 
methodology:  see  Miller  (1991b)  for  further  analyses. 


B(vaus(*  of  technical  and  other  unctM'lainties  in  the 
indicators  that  follow,  this  section  a(l()])ts  a  i^onu^what 
more  cautious  tone  than  thi^  pnreding  section.  Broad 
patterns  are  emphasized  rather  than  absolute  diffei'iMices 
on  indicators,  except  wherc^  thise  diflerences  ai'e  notably 
large  or  intriguing.  Tlu-  discussion  reports  measuns  foi' 
total  national  populations  only  and  doi^s  not  provide 
cross-cuts  for  othenvise  intrivsting  subpopulations. 


•  hinf^iidfir — {'\vn  bnsir  \v\'n\<  likr  "sriciu'r"  and  "trt'liiinlo^^y"  iiiiiy 
liavr  (lilU'icnl  l  ultural  lomiotalions  and  tliii^  Irad  to  apparcni.  bul  iiol 
ncri'ssarily  n^al.  diltViciia's  in  sum-y  results. 

•  Puhlir  polling  /)mr//Vr.s'— -(lilU-rriin's  atiion.^  roiiiitrics  in  llic  state 
of  llic  an  ol  llu'ir  polliii.^  practices  may  inlliieiKe  llu-  lirliiiieal  finality 
and  n)ni|)Mral)ility  ol  the  data. 

•  Prnpotsity  to  luniiripatr  i)!  pt>lh — diH<M'ent  national  i)ropensiii('s  to 
parlieipale  in  puhlie  polU,  or  to  ri'spoiul  opcidy  and  honestly  when 
polled,  may  alteel  the  snncy  results. 

•  Surrey  ///x//7//;/r;//.s'— measurement  (lilterenee-  snrely  resulted 
Irom  the  use  of  dilterenl  national  sur\'ey  insirnmenis.  Diifrreiiees  In 
f|Ues!ion  order  and  (jiiestionnaire  eonu-nt  can  atleel  suivey  results.  Inil 
tile  extent  of  this  eftcel  is  nnktiown. 

•  Stnny  timing — f"^*  eunijjarison  purposes.  th«-  siirv<  s  s  idralK 
should  have  heen  eondueled  "^iinnltaneoiisly.  The  elteet  ol  the  dilter 
enee  in  limine  is  unknowji. 


Despiti^  these  caveats,  thi^  following  indicators  of  pub- 
lic attitudes  toward  S^T  add  an  important  new  dinuMi- 
sion  to  understanding  the  differtMit  postures  of  national 
populations  toward  S&T.  Kven  these  broadstrokt^  com- 
pai'isons  nwal  striking  diffei'iMict^s — and  important  sinii- 
laritit^s — among  japan  and  the  countries  of  North 
Amei'ica  and  Wi^stern  Kurope. 

This  section  opens  with  comparisons  of  national 
response  I'ati^son  a  sil  of  questions  designed  to  indicate 
giMieral  public  attitudes  toward  SUc'W  Country-h^vel 
I'esponsi^s  ari^  th(Mi  compariul  on  tin*  degree  ot  interest 
in.  and  knowlinlgi*  about,  issues  concerning  SSzT,  Next, 
in  a  discussion  of  the  distribution  of  scitMitillc  knowledge 
among  the  adult  populations  of  tlu^se  countries,  two  iiidi- 
cators  of  knowledge^  about  scitMice  are  introduct^d.  Ont^ 
deals  with  the  extent  to  which  tlu^  public  di^scribts  asti'ol- 
ogv'  as  "scientilie'*:  tlu^  othei*  is  a  set  of  sinipK^  true/false 
questions  on  i^leinentary  kn()^^ilHlge  of  S<)(:  T. 

The  section  concludes  with  a  comparison  of  how  the 
adults  of  these  different  countries  assess  the  relative 
standings  of  the  I'nited  States.  Kur()pi\  and  japan  in  sci- 
iMitillc  achieveincMit  and  in  tcvhnological  innovation.  The 
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Figure  7-16. 

International  comparisons  of  public  attitudes  toward  science  and  technology 
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"On  balance,  computers  and  factory  automation 
will  create  more  jobs  than  they  will  eliminate, " 


II 


"Even  if  it  brings  no  immediate  benefits, 
scientific  research  which  advances  the 
frontiers  of  knowledge  should  be 
supported  by  the  government, " 


I    I  I    I  I    I  1    "    H    I  '    i  1    I  '  IT 


"We  depend  ton  much  on  science 
and  not  enough  on  faith. " 


ton 


"Science  makes  our  way 
of  life  change  too  fast, " 


^ 


See  appendix  tables  7-7  and  7- If). 
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widely  (liverffiii);}:  response  patterns  show  the  difftTent 
ways  national  populations  view  their  country' s  relative 
position  in  research  and  technological  developintMit: 
these  patterns  complement  several  of  the  indicators 
reported  in  chapter  6. 

Attitudes  Toward  S&T 

The  United  States,  Canada,  and  Europe,  Six  com- 
mon (juesiions  are  available  to  compare  the  attitucU^s 
toward  S&T  of  adults  in  12  Kuropeaii  countries  and  llie 


United  Siatt^s.  Canadian  measures  are  available  for  five 
of  tlu^se.  "  (See  tl^un*  7-l().) 

K(Sp()ndents  in  the  United  States  and  Canada  K^ve 
similar  r(»spons(*s  to  sev(M'al  questions.  For  instance,  a 
majority  of  adults  in  both  countries  a^rc^ed  diat  "Science 
and  technology  are  makinji  our  lives  healthier,  easier, 


Tin*  survey  (luoiiDunaire  ol  ilu*  liurupeaii  Counnuiiily  .travr 
n'sj)()ti(li'nK  a  clmicr  ol  "iwillu'r  a.Lirt'c  nor  (UNaKM'cc";  lln*  Canadian 
and  r.S.  (jursliotniaircs  did  not.  Thi*  •  ilcct  of  this  diUcrt'ncr  in 
n'Sjjonsi-  (dioit'cs  is  not  known.  Only  liir  totaled  responses  lor  "uKree" 
and  "a^ree  slronKiy"  lire  reported  liere. 
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and  more  comfortable,"'^'^  and  most  often  disagreed  that 
"It  is  not  important  for  me  to  know  about  science  in  my 
daily  life."  Respondents  in  these  two  countries  also  most 
often  disagreed  that  "Science  makes  our  way  of  life 
change  too  fast." 

Tlie  response  patterns  of  the  United  States  and  Canada 
on  these  and  other  items  suggest  that  the  populations  of 
the  two  countries  are  largely  similar  in  their  general  atti- 
tudes toward  S&T.  They  agreed  in  similar  proportions — 
and  were  more  optimistic  compared  to  the  Kuropean 
nations — that  "On  balance,  computers  and  factory  auto- 
mation will  create  more  jobs  than  they  will  eliminate." 

However,  a  higher  percentage  of  the  U.S.  respondents 
than  of  the  Canadian  felt  that  "We  depend  loo  much  on 
science  and  not  enough  on  faith."  The  United  States  has 
traditionally  registered  relatively  large  percentages  that 
agree  with  this  proposition.  Comparing  the  U.S.  response 
on  this  item  to  that  of  other  countries  shows  that  the 
United  States  ranks  just  below  Spain,  Italy,  and  Crreece 
and  just  above  Luxembourg  in  its  agreement.  These  four 
Kuropean  countries  all  register  above  the  IX  s  average 
agreement  with  this  statement.  (See  appendix  table  7-7 
for  the  U.S  time  trend  on  this  question.) 

Another  question  measured  approval  by  th(*  adult  popu- 
lation o{ govenimental  support  of  scientific  research  "even 
if  it  brings  no  immediate  benefits."^'  The  U.S.  respondents 
were  generally  in  high  agreement  with  this  proposition, 
but  France  and  (ireat  Britain  registered  even  higher  lev- 
els of  agreement.  The  French,  in  fact,  appi-op^'^ed  una- 
nimity lover  9()-percent  agret^mtMit)  for  a  strong  govern- 
mental role  in  the  support  of  basic  research,  hi  ver>'  sharj) 
contrast  were  the  response*  ratios  of  West  (iemiany:  barely 
a  majority  agreed  with  the  statement.  These  very  different 


response  patterns  of  two  large  and  scientifically  inlluential 
Kuropean  countries  mv  not  easy  to  explain. 

The  Netherlands  also  had  anomalous  response  pat- 
terns on  several  of  these  questions  {Second  Chamber 
1990).  Although  registering  rather  high  approval  of  gov- 
ernmental funding  of  research,  well  over  a  majority  of 
the  i^dults  in  Holland  agreed  that  science  makes  life 
change  too  fast.  Moreover,  neariy  half  of  the  Dutch 
adults  disagreed  that  the  benefits  of  science*  ai'e  gi'eater 
than  any  liarmful  effects,  with  a  full  26  percent  "strongly" 
disagreeing.''' 

The  Netherlands  public  also  seemed  unwilling  to 
leave  decisions  to  scientists;  well  over  half  disagreed 
with  the  statement  thai  "Scientists  can  be  trusted  to 
make  the  right  decisions."**'  Majorities  in  Denmark  and 
(ireat  Britain  also  disagreed  with  this  statement. 
Responses  to  this  question  varied  considerably  across 
Kurope,  suggesting  fundamentally  different  degrees  of 
trust  in  scientists'  decisionmaking. 

The  United  States  and  Japan.  The  1990  U.S.  and 
Japanese  surveys  each  gauged  agreement  with  the 
proposition  that  "vScience  and  technology  are  making  our 
lives  healthier,  easier,  and  more  comfortable."  Figure 
7-17  compares  the  national  totals  of  the  two  countries  on 
this  indicator.  While  similar  percentages  strongly  agreed 
with  the  proposition.  Japanese  adults  were  far  more  like- 
ly to  disagree,  to  disagree  strongly,  oi*  to  answei*  "don't 


'Svv  bfluv/  lor  a  ct)in|)aris()n  uf  llu*  I'nilt^cl  Stalt»s  and  Japan  on  this 
(lU(*stion. 

•The  U.S.  question  asked  about  support  by  the  Federal  (lov- 
crnnuMit.  while  the  Kuropean  (pieslior^s  referred  t)nly  to  "government." 
Tlie  Canadian  survw  chd  not  inchide  lhisciut»stion. 


*Se(»  K^:I)  expenditure  jjatterns  lor  tliese  countries  in  chaptiT  4. 
"hiternalional  Comparisons,"  jjp.  lOT-lO. 

'^Ilii^  question  and  others  not  asked  in  the  T.S.  sui*vey  are  reported 
in  appendix  table  T-lf). 

Similar  results  from  an  earlier  survey  were  reported  lor  The 
Netherlands,  in  response  to  die  (|ueslion  "in  the  lon>^  run,  do  you  tliink 
the  sei(»nlilie  advances  we're  making'  will  help  or  harm  mankind?,"  'Mi 
percent  responded  "will  hnrin."  22  percent  '^will  help.'*  and  'M  percent 
"both*'  (NSB  Um7.pp.  l«and:X^). 

'ior  a  related  question  in  the  IWO  I'.S.  suiTey.  hi)  percent  of  I'.S. 
adults  agreed  that  "Most  scientists  want  to  work  on  thing's  that  will 
make  life  better  for  the  average  person."  Se(»  appendix  table  7'7. 


Figure  7-17. 

Japanese  and  U.S.  assessments  of  science  and  technolc^jy 

"Science  and  technology  are  making  our  lives  healthier,  easier,  and  more  comfortable. 
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See  appendix  tables  7-7  and  7-16. 
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know."  ()vi»rall,  about  85|KMwnt  ol  llu^  U.S,  ivspoiultMils 
acknowlodijiHl  tin*  bcMieficial  rfftrts  of  S^KrT  on  lIuMr 
daily  livi»s  compaivcl  to  about  55  ikmxhmiI  of  tin*  ja|)an(^s(\ 
Vv\wvr  than  half  of  the*  japaiu^sr  n^spoiidtMils  ajii'tvd.  in 
answiM*  to  a  question  not  raist^d  in  \hv  U.S.  sumA\  that 
S<S:T  has  had  a  positive*  impact  in  japan  on  woi'kiny  con- 
ditions. (Svv  apiKMidix  tabU*  7-16.) 

On  two  othiM'  c|ucstions  not  ask(*d  of  tht*  U.S.  ivs|)()n- 
dcnts»  howmM'.  the  Japanese  displayed  attitucK^s  toward 
S&T  that  wen*  both  inoiv  ])osilivt*  and  inon*  niix<»d.  \Vhvn 
asked  whether  S^1C:T  lias  "iniprov(»d,  worsened,  or  not 
chanJ^e(^'  the  standard  of  livin^^  thriH^fourtlis  a>;rt*t*d  that 
the  standatd  of  livin^^  has  Ik^imi  improved.  A  reflated  ques- 
tion asked:  "ScitMiC(»  and  ttrhnolo^^  have  both  ])()sitivt» 
and  nejxativt*  iMfects.  Which  do  you  think  has  btuMi 
jj[ri»ati»r — tin*  positive^  t^fftvts  or  the  ne^mtive  effects?"  Fifty- 
thrive  peiTi^nt  of  {hv  japaiu^st*  rt^spondiHl  that  positive* 
(vfkrts  havt*  Ix^tMi  KTt»attM\  'M  ptMVent  rt^sponded  "about  die 
same,'*  and  7  piMVtMit  favortnl  the  iu%^'»iivt*  asst^ssnuMit. 

About  ;5S  i)ercent  of  tin*  Japanese  respondents  ft^lt  thai 
S&T  has  "worsentnl"  moi^ality.  11iirty-fivt»  pcTciMit  felt 
there  was  no  cliaii^u\  and  about  one-fifth  dc^Mined  to 
answiM*  the  qut^stion.  On  a  relati^d  c|iu*stioii  ask(*d  in  tin* 
I'nited  States,  about  one-Uiird  of  adidts  a^Teed  Uiat  "One 
of  the  bad  effirts  of  sciiMict*  is  that  it  breaks  down  i)eo- 
pl(»'s  ideas  ofri^dit  and  wron^^"  (See  appendix  table  7-7.) 

In  sum,  on  tlu*st»  sets  of  comparisons,  l\S.  and 
Japanese  responses  \vv\v  not  dissimilar.  In  tin*  Tniled 
States,  somewhat  larger  majorities  overall  expressiul 
positive  attitudes  toward  S^'Y  and  its  impact  on  daily  life, 
but  on  st^veral  qiustions  with  dilfercMit  wording's  llu* 
Japanese  wvw  also  stron^dy  positivt\  About  a  third  of  the 
adults  in  each  coimtry  indicated  a  concern  wiUi  the 
effects  of  science  on  moral  issut^s. 

Attention  to  Issues  in  S&T 

The  adult  publics  of  the  countrii^s  of  \Vt»sttMii  luu^ope 
and  of  Canada  and  tin*  l-nited  Staters  appear  to  have  dif- 
lerent  patterns  of  inttMvst  in  and  knowk^d^^e  about  issues 
involving  S^K:  I  .'^ 

lM)r  all  tin*  coimtrit^s  survt^ytuk  by  far  tin*  .ijreat(*st 
(h^^ree  of  inttM'tst  was  in  lu^w  medical  discoverit^s.  Im)IU' 
countries  doiiiinattMl  in  this  dej^^'ec*  of  intiM'est:  tlu» 
Tnited  Statics.  iM'ance,  Canada,  and  The  Netherlands. 
(See  ii^mv  7-lS.)  Adults  in  these  countries  (and  in  Italy) 
also  rankled  lii^^li  on  tli(*  ptMVtMita^u^s  vimt  inttM'estt^d  in 
science  and  lu^w  invt^ntions  and  technology.  Of  all  llu» 
coutitru^s,  FrtMicli  rtspondents  claimt^d  most  often  to  be 
viMy  interestt^d  in  scientific  discoveiit^s  and  in  inventions 
and  ttrlinolo^n\ 

The  adidt  popidations  of  the  United  States  and  Canada 
r(»ported  similar  ratios  of  btMiuj  "veiy  intertshu!"  in  nv\K 
scuMitillc  (liscov(M'its.  nvw  invt^ntions  and  technologies, 
and  new  medical  discoveries.  Ilieir  ratios  wtM't*  K'^'ntM'ally 
hlK^ier  than  in  Western  Kurope.  (See  appendix  table 

'  No  nifitsuiT  ot  atlcnlivciK'sv    (Irvciopcd  Ihtc  tor  C  iiiiadji.  I'.ntnpc, 
or  Japiin.  H(»\\rv('r.  ^rc-  l  iusiidc!  iVMi)  on  Canadian  aUcnlivciics*^ 
^    uid  Duniiil  clal.  (liMU)  ou  Kiiropran. 


Figure  7-18, 
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7  17.)  r.S,  niul  CniKidinii  ivspoiidiMits  also  rrportrd  simi- 
lar (U»)^ivt»s  ol  iVrliii^r  "vtTV  wt^ll-infoniu'd"  about  tlu*se 
st4s  ol*  issiu^s.  'Yhv  similar  rt^spoiist^s  of  Canadian  and 
r,S.  adults  on  tlu*st»  (|ut*stions  indicatt*  the  close  cultural 
tics  IxIwtHMi  tin*  two  countrit^s. 

Kt^spondtMits  in  (irccct\  Spain,  and  PortuK^i!  consis- 
tiMitly  rcpoi  ted  lowtM*  ratts  ol*  btMii^^  "vv\y  int(*r(»sti*d*'  in 
or  "vtM'y  wt^ll-informccr'  about  any  of  th(*  ihrw  sets  of 
issut^s,  (Yhv  adult  publics  in  {hvsv  {hwv  countrii^s  also 
rankled  lowc^st  on  knowK^d^ii*  of  basic  scitMitific  idt^as;  see 
"Knowled^^e  of  Scientific  Conclusions,"  pp.  187-89.) 

Two  intert^stin^^  rt^sults  amon^^  the  Kuropt^an  nations 
wert*  the  low  sc^lf-reports  of  inttM't^st  and  knowk^d^a^  by 
adidts  in  Deiuiiark  and  West  (nM'many  for  all  thrtn^  of  tin* 
an»as.  Th(*  I)aiu*s  iiavt*  traditionally  scored  hi^di  on  inter- 
national tests  of  sci(MiC(»  and  matluMuatics  ability,  and  llu^y 
outrunked  adults  in  all  other  nations  on  the  knowledge 
qiu^stions  discusstMl  below  (svc  pp.  187-89).  In  Wi^st 
(itM*many  adults  reporttul  Ixmu^^  very'  inttM't^sted  and  vi^iy 
w(»ll-inl*()i'm(»d  at  ratios  SO  ptMVtMit  or  lowtT  than  iti  otluM* 
European  countries.  Kt^usons  for  tlu^st*  differiMict^s  ari»  not 
immediately  ck^ar.  Both  of  tlu^se  countries  havt*  si^mifi- 
cant  K^Scl)  bud^'ets  and  both  havt*  hi^di  levt^ls  of  education. 

Is  Astrology  Scientific? 

j  o  asc(Mlain  tin*  i)ul)lio's  dt^j^rtv  of  beHef  in  pseudo- 
sci(MiC(\  \\\v  U.S.  Indicaton  scui(»s  has  tracked  the*  extent 
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Figure  7-19. 

Perceptions  of  astrology 

Percentage  considering  astrology  "not  at  all  scientific" 
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U)  which  rcspondnils  lhat  aslrolo^^y  is  scit'iilific. 
Asirolo^y  and  scinicv  nii^hl  a|)|)('ar.  lo  \hv  uninilialed. 
lo  use  similar  arcana:  jarK^oii,  symbols,  and  astronomical 
bodies  as  ivftMVnct*  poinls. 

Kcjcclion  or  acci^ptancc  of  aslrolo^^y  as  a  scitMicc  may 
be  C()nsid(»r(ul  an  indicator  of  tin*  undcrslandin^^  of  Ihc 
scicnlific  method  and  of  Ihc  nature  of  scicMilific  knowl- 
ed^^e.  Keji^ction  of  astrology  as  scientific  may  be 
interpreted  as  an  indicator  of  scH»nti^lCun(U»rstan(linK^'' 

Majorities  of  rt^spondents  in  sevtM'al  Kur()i)ean  coun- 
tries acc(*ptecl  astrology  as  either  "very"  or  "sort  of  sci- 
entific, whereas  about  ()()  pt»rcent  of  U.S.  resi)on(lents 
rejected  astrolo^^y  as  "not  at  all  scientific."  (St»e  fi^tirt* 
7-19  and  appendix  table  7-18.)  In  no  countiy  in  Kuro|)e 
did  mori*  than  40  ptTctMit  of  ihe  resi)()n(lents  state  that 
astrology  is  not  scientific.  F.ducation  level  setins  sur- 
prisin^ly  unrt^lated  to  rejection  of  astrology,  hi  Den- 
mark, for  example,  some  ()()  i)ercent  of  the  adult  i)oi)ula- 
tion  thought  astrolo^^  is  veiy  or  sort  of  scientific;  simi- 
lar findings  were  re|)()rted  forotlKM'  countries  with  hij,^h 
education  levels. 

'  Ititcrpn'iatitM)  ol  ll  is  iiulii  aloi'  is  prohlctnatic.  l  or  cxaiuplc  in  the 
l'nit(*(l  States,  rclalively  \\\\'\ir  pncculaj^'rs  cil  utlicrwisr  rdm  ah^d 
n'spondciits  rrporl  that  they  Mjinctiincs  rt^ad  llic^ir  lioioMoprs.  i  ar 
li-wcr.  lu)Wi'V('i\  report  liial  liiey  base  tlicir  actions  on  what  {hvw  lioro- 
Si-oprssay  (NS1*»  WM, 

In  an  analysis  ol  IVrnrli  data  nol  shown  here.  lioy  points  ont 

that  in  IVano'  hrWri  in  (lillrn-nt  practin  s  ol  tlic  parascii'iucs  ditlcrs 
acrordin^  t<'  (^diuation  Irvrl.  l-or  examplr,  rdativi'ly  r.iorr  iMcnrh 
adidts  with  hi),du'r  cdiiealioiial  levels  believe  in  leh^padiy.  in  eontrasl. 
heiict"  in  astrology  i"^  inversely  rrlated  to  ediieation  level.  Hoy  (p. 
^fiH  s  on  to  note;  "An  analysis  ol  the  eorrelatinns  ^Iujws  liiat,  as  a  nde. 
irrali(Mial  heliels  scarcely  alTecl  support  lor  scieiuc/' 

ER?C  . 


"Don't  know"  resi)ons(*s  were  U\^h  foi  this  c|ui»stion  in 
most  Kuro|)ean  countries  (but  not  in  France.  (Irt^at 
Britain,  and  I.uxembour)^).  In  several  countrit^s.  20  to  25 
l)ercent  claimed  not  to  know  the  answiM*  to  tlu»  qui^stion. 

Knowledge  of  Scientific  Conclusions 

The  Canadian.  Kuroi)eaii.  ja|)anese.  and  I'.S.  sumys 
each  contained  st»vti'al  questions  desi^^ned  to  measure 
knowled^^e  of  various  basic  scientific  C():ict»|)ts  and  facts. 
These  questions  can  be  ust»d  to  C()m|)art»  (1)  total  niMion- 
al  avera^a*  accurate  resi)()nst*s  and  (2)  distributions  with- 
in the  national  i)()pulati()ns  of  accurate  respoiist^s. 

The  United  States  and  Canada,  On  11  questions 
availal)k»  to  compart*  scientific  knowknl^^t*  of  the  Cana- 
dian and  U.S.  populations,  the  mean  numbtM'  of  correct 
resi)onst»s  was  sli^ditly  hi^^luM'  in  Canada — 7.?)  versus 
7.0  in  the  United  States.  (See  ai)pen(lix  tabk»  7-19.)  The 
two  countries  exhibittui  very  similar  resi)onse  i)atterns 
on  all  but  one  question:  the  theory  of  evolution.  U.S. 
resi)on(U»nts  answert^d  tliis  question  correctly  only  45 
percent  of  tin*  time,  versus  58  jxM'cent  in  Canada.  The 
distributions  of  corrtvt  responses  on  thest*  11  (pK^s- 
tions  were  strikingly  similar  for  the  two  populations. 
(Stv  fi^au'e  7-20.) 

The  United  States  and  EuropeS  leu  questions 
were  available  to  compare  the  12  members  of  the 

'  Tbis  disenssion  b(»nows  beavily  Ironi  i>auer.  Dinatit.  and  Ivans 
( IM!>P.  in  tbeir  analysis  ol  onlv  the  iluropean  data,  and  iisin^'  a  siii'Jitly 
expanded  rpiesdon  srl  tln'  aiitbois  diseuss  rehitionsliips  amon^  alli- 
nides,  knowled),^'.  and  oilier  soeioeconomie  variables. 
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Figure  7-20. 

U.S.  and  Canadian  knowledge  of  science 
and  technology 
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See  appendix  table  7-19  for  questions. 
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European  Coinniuiiity  with  the  United  States  on  a  scale 
of  scientific  knowleclKe.  (See  appendix  table  7-20.)  The 
average  (mean)  national  rankiiiKs  of  these  countries  on 
these  10  questions  are  shown  in  figure  7-21.  Denniark 
ranked  highest  and  Portugal  lowest,  with  a  general  ten- 
dency of  increasing  rank  on  this  measure  from  south  to 
north  among  Huropean  countries. 

The  United  States's  mean  accurate  response  rate 
was  virtually  the  same  as  that  for  the  Huropean 
Community  overall.  Response  rates  on  individual  ques- 
tions were  also  similar  for  the  United  Stales  and  the 
rX\  except  for  rather  lower  knowledge  in  tlu^  United 
States  of  planetary  motion  and  higher  knowledge  of 
continental  drift. 

Patterns  of  scientific  knowledge  distribution  are  also 
of  interest.  Figure  ()-2()  in  the  Overview  shows  that 
correct  responses  to  thest*  10  questions  were  nearly 
identically — and  fairly  normally-— distributed  in  the 
U.S.  and  VX  populations.  Within  Europe,  however, 
these  distributions  varied  widely,  with  particularly 
uneven  distributions  in  botli  countries  with  high  levels 
of  knowledge  (e.g..  Denmark  and  Britain)  and  those 
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with  low  levels  (Spain.  Greece,  and  Portugal).**  (See 
llgure  7-21.) 


"MiUUT.  Duraiil.  and  Iwaiis  (liM)l)  note  that  tlu^  Chronbadi  Alphas  of 
Spain  and  I'orliiK'al  are  unusually  li'iKdi  compared  to  llir  countries' 
knowled|fe  measures.  (.Mi)has  are  measures  of  consispMicy  in  individu- 
al rc^sponses:  they  show  the  extent  to  winch  persons  responding'  cor- 
rectly to  one  item  also  tended  to  ri'S|)on(l  correctly  to  other  itiMiis.  'llie 
alphas  shown  in  appendix  table  7-20  are  all  moderate  to  moderately 
liikHi.) 

To  ex|)laiii  this  relationship,  they  |)r()pose  (p.  7)  that  the  tendency  for 
I'espondents  to  i^ive  consistent  answ(»rs  may  increase  in  ccumtries  with 
shari)  contrasts  in  educational  attainment  and  that  "in  lower  |knov;l- 
ed)fe|  level  countries  the  social  structure  seems  to  he  more  important 
for  the  disli-ibulion  of  science  than  in  hiidier  level  countries."  KiKure 
7-LM  shows  a  slron^f  bimodal  distribution  in  rortuK'al  com[)ared  with 
Denmark.  Such  a  distribution  shows  that  some  peopir  have  little  scien- 
lillc  knowled^fe.  while  others  have  much  more.  A  county'  ^villi  such  a 
distribution  may  have  a  more  elitist  science  education  system. 

Figure  7-21. 

Distributions  of  scientific  knowledge 
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Text  table  7-5. 

U.S.  and  Japanese  knowledge  of  science  and  technology 


Correct  Don't  know 


United  United 
 States  Japan  States  Japan 

■  — Percent  — —  . 

1 .  "The  center  of  the  earth  is  very  hot."   79  -| 4 

2.  "Lasers  work  by  focusing  sound  waves."   37  14  37  45 

3.  "Electrons  are  smaller  than  atoms."   41  37  35 

4.  "Antibiotics  kill  viruses  as  well  as  bacteria."   30  q  21 

5.  "The  universe  began  with  a  huge  explosion."   32  54  35  34 

6.  "The  continents  on  which  we  live  have  been  moving  their  location 

for  millions  of  years  and  will  continue  to  move  in  the  future/'   77  82  16  15 

7.  "Human  beings,  as  we  know  them  today,  developed  from  earlier 

species  of  animals."^   45  79  ^  ^ 

NOTE:  Incorrect  responses  were  omitted. 

^Response  categories  in  the  U.S.  suiveys  were  ^irue."  false.''  or  "don't  know."  In  the  Japanese  survey,  respondents  were  offered  choices  of  "strongly  agree  ^ 
agree,  disagree/ "strongly  disagree."  or  "don't  know." 

^Japanese  wording:  "What  do  you  think  about  the  following  statement?  Human  beings  developed  from  earlier  species  of  animals." 

^^^Honri.  p^^^  '^n"'"*®'  On\oe.  Opinion  Sun^ey  on  Science,  Technology,  and  Society,  T.  Welch,  trans.  (Washington. 

^anrlfJ^n  "^^^^^^f^  ^tudies  Divis.on.  National  Science  Foundation.  1991):  and  J.D.  Miller.  Public  Attitudes  Toward  Science  and  Technology.  1979^mo 
tiuSns  (C^^'cago:  International  Center  for  the  Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences.  1991):  and  unpublished 
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The  United  States  and  Japan.  S(»v(mi  coimiioii  quvs- 
tions  concerniiiK  simple  S&T  concepts  v^en*  asktul  on 
the  1990  U.S.  and  Japanese  survt»ys.  (See  text  table  7-5.) 
The  responses  of  these  culturally  very  different  popula- 
tions displayed  both  strong  similarities  and  strikinj?  dif- 
ferences: 

•  On  questions  dealing  with  purely  scientific  conclu- 
sions, and  on  those  that  did  not  concern  subjects  on 
which  U.S.  respondents  have  traditionally  held 
strong  moral  beliefs,  the  U.S.  and  Japanese 
response  patterns  were  ver>'  similar. 

•  On  two  questions  (healing  with  lasers  and  antibiotics, 
the  Japanese*  correct  responses  were  much  lower 
than  American. 

•On  two  questions  involving  topics  about  which 
AmtTicans  fe(»l  strongly— evolution  and  tht*  origin 
of  the  universt*— U.S.  rt^spondents  answered  incor- 
rectly more*  often  than  the  Japanese  by  20  to  30  per- 
centage points. 

Perception  of  International  Standing  in  S&T 

Th(»  U.S.,  Japanese,  and  Western  Kuropt^an  popula- 
tions have  differiMit  conce^ptions  of  their  countrit^s*  rela- 
tive inttmitional  ranking  in  S&T  capabilities.^'  The  fol- 
lowing paragraphs  describe  these  different  assessments. 

'  (iiu'stidiis  on  this  topic  wvw  not  asked  in  ihc  Canadian  suiTt'y. 

erJc 


first  in  terms  of  basic  scientific  capabilities,  then  in  terms 
of  military  capabilities. 

Basic  Scientific  Achievements.  U.S.  respondents 
were  confident  that  the  United  States  is  ahead  of  Kurope 
and  the  Soviet  Union  in  basic  scientific  achievements. 
(See  text  table  7-6.)  Th(»  ptTcentages  of  adults  placing  the 
United  States  ahead  of  Europe  and  the  Soviet  Union  in 
basic  scientific  achievements  increased  directly  with  edu- 
cational level,  llw  attentive  publics  for  S&T-related  issues 
were  also  generally  more  positive*  in  their  assessments  of 
U.S.  standing  in  basic  science.  (See  appendix  tabk*  7-21.) 

In  sharp  contrast,  50  ptTcent  of  ^nericans  believed 
that  ihv  l-nllvd  States  is  behi;^:'  Japan  in  basic  scientific 
achi(»vements.  This  proport  on  is  up  considerably  from 
the  29  percent  of  Amer« .  ^.n  ^  who  held  this  beli(»f  in  19H5 
(NSB  1987).  Higher  ;  vntages  of  women  and  younger 
adults  cit(Hl  Japaia  eriority  in  basic  science.  (See 
appendix  table  7-21.) 

Hiese  results  are  surprising  since  Japan  has,  until 
n^ciMitly.  ham  engaged  in  relatively  littk*  basic  n  search. 
It  is  possible  that  U.S.  respondents  confused  "scit^nce* 
with  "U»chnology"  in  their  answers.  Two  attentive 
publics— one  for  scientific  discovc^nes  and  one  for  spact* 
exploration— both  placed  the  United  States  behind  Japan 
in  basic  science  less  often.  As  noted  earlier,  these 
publics  were  among  the  most  highly  educated  of  tht* 
attentive  groups  discussed  in  this  chapter.  (See  text 
table  7-1.) 
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Text  table  7-6. 

U.S.  assessments  of  basic  science  and  military 
technology 


Versus 
Europe 

Versus  the 
Soviet  Union 

Versus 
Japan 

— Percent 

Basic  science 

23 

46 

61 

U.S.  is  at  same  level  . 

36 

28 

25 

14 

7 

50 

Military  technology 

71 

U.S.  is  ahead  

69 

46 

U.S.  is  at  same  level  . 

26 

42 

18 

U.S.  is  behind  

3 

9 

"7 

/ 

NOTE:  -Don't  know  "  responses  were  omitted. 


See  appendix  tables  7-21  and  7-23 
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Tlu"  4(i  iK'iwiit  of  Aim-riniiis  who  iVlt  that  thi"  I'liitcd 
States  is  ahi'ad  of  Kiiropi'  in  hasii-  sciiMicc  is  iiiatdicd  by 
■Mi  iHTcont  of  I'.iiropi'ans  vvlio  ajirtHul  witli  thiMU. 
However,  witliin  tlie  iiieniher  coiiiiti'ii's  of  tlu'  IX".  strong 
(lifferences  are  evident  on  this  indicator.  (See  appendix 
table  7-22.)  Ixir^i'  niajoritii's  in  Italy.  Spain,  hvland.  and 
C.reece  |)lace  luirope  b(>hind  tlu-  United  States:  popula- 
tions in  the  otlier  coiintrii's  vii'wed  luirope  more  favor- 
ably in  the  eomparisons.  In  thesi'  assessnu-nts.  it  is  pos- 
sible that  tlu'  resi)ondents  vveri'  making  refi-n-nee  lo 
national  rather  than  European  standing.'"  Oii  the  otlu-r 

~  liaucr.  1  Uiraiit.  and  i-vaiis  (U)!)l.  p.  ID  makfllic  ';anic  (.bsciTatioii. 


hand,  each  national  Ki'onp  may  view  "Kurope"  from  a 
uni(|iie  national  persptvtive. 

I'uropeans  were  less  pessimistic  about  thtMr  standing 
in  basic  scit>nce  vis-a-vis  the  Japanesi>  than  wei-i>  Ameri- 
cans. In  ICin-ope.  41  percent  felt  that  luirope  is  /rss  ad- 
vanced than  japan.  Wi'st  (u-rmans  stood  out  anions  Hu' 
Mm-opean  respondi'iits:  only  22  percent  felt  that  luiropi' 
is  l(<ss  advanced  than  .lapan  in  basic  science,  another  :{() 
percent  felt  tlu'  two  countries  w(>ri>  at  the  same  level,  and 

percent  felt  tliat  Kurope  is  more  advanced  than  Japan 
in  basic  science.  (See  appendix  table  7-22.) 

I  lu'  japaiu'se.  when  aski'd  a  similar  qiiesticui  in  H>S7. 
tended  to  disajjree  with  the  U.S.  responsi>s  and  a^ive 
with  th(>  Kuropi'an  ri<sponsi"s  (XSH  U)S7).''  Only  20  per- 
cent felt  that  Japan  was  ahead  of  tlu'  Uniti'd  Stati's  in 
"basic  science  and  ti'chnoloKV."  but  stronjj  majorities 
placi'd  Japan  ahead  of  West  (iermany.  Britain,  and 
France  in  thesi-  achievements. 

Military  Technologies.  Pronounci'd  changes  havi' 
occurred  in  Americans*  assessments  of  the  militaiT  ti-ch- 
nolojry  of  the  United  Stati's  and  the  Soviet  I'nion.  In 
liW.S.  k)  pi-rcent  of  U.S.  -I'spondeiits  felt  that  the  United 
States  was  al-.(>ad  of  tlu'  Sovii't  Union  in  militaiT  t(>chnol- 
ojjy:  10  percent  fi'lt  it  was  at  the  same  level  (NSH  19S7). 
In  1990.  those  perci-nta^es  had  changed  to  4(5  perci'nt 
and  42  pi'rci'iit.  respectivi'ly.  (Sei'  ti-xt  table  7-(i.)  Also  in 
H)90.  even  hi^ln'r  percenta^i's  of  hij^hly  ediicati'd 
respondents  and  of  the  attiMitive  publics  for  nuclear 
power,  new  ti'diiiolo^ii'S.  and  spac(>  exploration  placi'd 
th(>  United  States  ahead  of  the  Soviet  Union  in  military 
ti'ChnoloKies.  (Sei'  appiMidix  table  7-2:5.) 

Tlu'.lapaiifsr  wen-  asked  alxiiil  West  (icnnany.  (iivat  I'.iilain,  ami 
I  Vaiiic.  not  abiml  "Kiii"u|ii'." 
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Chapter  1.  Precoiiege  Science  and  Mathematics  Education 

1-1       SIikUmU  achimMiuMit  scoivs  in  scioiicv,  by  ukc  {^eiidt^r,  and  race/ethnicity:  197iM)()  assi^ssiiuMits  199 
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Appendix  table  M. 

Student  achievement  scores  in  science,  hy  age,  gender,  and  race/ethnicity: 
1970-90  assessments 


Gender  and  race/ethnicity        1 970  1 973  1 977  1 982  1 986  1990 


9-year-olds 

Total  r.                        .  .  224.9  220.3  219.9  220.9  224.3  228.7 

Male   227.6  222.5  222.1  221.0  227.3  230.3 

Female   222.7  218.4  2:7.7  220.7  2?'».3  227.1 

White   235.9  231.1  229.6  229.1  231.9  237.5 

Black   178.7  176.5  174.9  187.1  196.2  196.4 

Hispanic   NA  NA  191.9  189.0  199.4  206.2 


13-year-olds 


Total   254.9  249.5  247.4  250.2  251.4  255.2 

Male   256.6  251.7  251.1  255.7  256.1  258.5 

Female   253.0  247.1  243.8  245.0  246.9  251.8 

White   263.4  258.6  256.1  257.3  259.2  264.1 

Black   214.9  205.3  208.1  217.2  221.6  225.7 

Hispanic   NA  NA  213.4  225.5  226.1  231.6 


17-year-olds 


Total   304.8  295.8  289.6  283.3  288.5  290.4 

Male   313.8  304.3  297.1  291.9  294.9  295.6 

Female   296.7  288.3  282.3  275.2  282.3  285.4 

White   311.8  303.9  297.7  293.2  297.5  300.9 

Black   257.8  250.4  240.3  234.8  252.8  253.0 

Hispanic   NA  NA  262.3  248.7  259.3  261.5 


NA  =  not  available 

SOURCE:  I.V.S.  Mullis.  J.A.  Dossey.  M.A.  Foertsch,  L.R.  Jones.  C.A.  Gentile.  Trends  in  Academic  Progress; 
Achievement  of  American  Students  in  Science.  1970-90.  Mathematics.  1973-90.  Reading.  1971-90.  and  Writing,  1984- 
90,"  review  draft  {Washington,  DC:  National  Center  for  Education  Statistics.  August  1991). 

See  figures  M.  1-2,  and  1-3.  and  figure  0-12  in  Overview.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  1-2. 

Percentage  of  students  achieving  at  or  above  science  proficiency  levels,  by  age:  1977-90  assessments 


Assessment  years 


Level  and  description 


Age 


1977 


1982 


1986 


interpret  the  societal  implications  of  research  in  this  field. 


"Percent  


1990 


150  -  Knows  everyday  science  facts.  Students  at  this  level  know  some  general  scientific 

9 

,  94 

95 

96 

97 

facts  of  the  type  that  could  be  learned  from  everyday  experiences.  They  can  read  simple 

13 

99 

100 

100 

100 

graphs,  match  the  distinguishing  charactenstics  of  animals,  and  predict  the  operation  of 

17 

.  .  100 

100 

100 

100 

familiar  apparatus  that  work  according  to  mechanical  principles. 

200  -  Understands  simple  scientific  principles.  Students  at  this  level  are  developing 

9  .  . 

68 

71 

72 

76 

some  understanding  of  simple  scientific  principles,  particularly  in  the  life  sciences.  For 

13 

86 

90 

92 

92 

example,  they  exhibit  some  rudimentary  knowledge  of  the  structure  and  function  of 

17 

.  .  97 

96 

97 

97 

plants  and  animals. 

250  -  Applies  basic  scientific  information.  Students  at  this  level  can  interpret  data  from 

9 

.  .  26 

24 

28 

31 

simple  tables  and  make  inferences  about  the  outcomes  of  experimental  procedures.  They 

13 

49 

51 

53 

67 

exhibit  knowledge  and  understanding  of  the  life  sciences,  including  a  familiarity  with  some 

17 

82 

77 

81 

81 

aspects  of  animal  behavior  and  of  ecological  relationships.  These  students  also  demonstrate 

some  knowledge  of  basic  information  from  the  physical  sciences. 

300  -  Analyzes  scientific  procedures  and  data.  Students  at  this  level  can  evaluate  the 

9 

3 

2 

3 

3 

appropriateness  of  the  design  of  an  expehment.  They  have  more  detailed  scientific  knowl- 

13 

,  11 

10 

9 

11 

edge  and  the  skill  to  apply  their  knowledge  in  interpreting  information  from  text  and  graphs. 

17  . 

.  .  42 

37 

41 

43 

These  students  also  exhibit  a  growing  understanding  of  principles  from  the  physical  sciences. 

350  -  Integrates  specialized  scientific  information.  Students  at  this  level  can  infer 

9  , 

0 

0 

0 

0 

relationships  and  draw  conclusions  using  detailed  scientific  knowledge  from  the  physical 

13 

1 

0 

0 

0 

sciences,  particularly  chemistry.  They  also  can  apply  basic  principles  of  genetics  and 

17 

9 

7 

8 

9 

SOURCE:  I. V  S.  Mullis.  J  A.  Dossey.  M  A.  Foerlsch.  L  R  Jones.  C  A.  Gentile.  Trends  in  Acadenitc  Progress  AchievemenI  of  American  Sludenis  in  Science.  1970- 
90.  Malhemalicc.  1973-90.  Reading.  1971-90.  and  Wriling.  1984-90."  review  draft  (Washington.  DC:  National  Center  for  Education  Statistics.  August  1991). 

See  text  table  M.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  1  -3. 

Percentage  of  students  achieving  at  or  above  science  proficiency  levels,  by  age  and 
race/ethnicity:  1977  and  1990  assessments 


 Assessment  years  

 1977  1^90  

Proficiency  level  and  age     White       Black      Hispanic  White        Black  Hispanic 


 Percent 

Level  150 


9  

98 

72 

85 

99 

88 

94 

13  

100 

93 

94 

100 

99 

99 

17  

100 

99 

100 

100 

99 

100 

Level  200 

9  

77 

27 

42 

84 

46 

56 

13  

92 

57 

62 

97 

78 

80 

17  

99 

84 

93 

99 

88 

92 

Level  250 

9  

31 

4 

9 

38 

9 

12 

13  

57 

15 

18 

67 

24 

30 

17  

88 

41 

62 

90 

51 

60 

Level  300 

9  

4 

0 

0 

4 

0 

0 

13  

  13 

1 

2 

14 

2 

3 

17  

48 

8 

19 

51 

16 

21 

Level  350 

9  

  0 

0 

0 

0 

0 

0 

13  

  1 

0 

0 

1 

0 

0 

17  

  10 

0 

2 

11 

2 

2 

NOTE:  See  appendix  table  1-2  for  a  description  of  the  proficiency  levels. 

SOURCE:  I.V.S.  Mullis.  J  A  Dossey.  M  A.  Foerlsch.  L.R.  Jones.  C.A.  Gentile.  Trends  in  Academic  Progress- 
Achievement  of  American  Students  m  Science.  1970-90.  Mathematics.  1973-90.  Reading.  1971-90.  and  Writing.  1984- 
90.  ■  review  draft  (Washington.  DC:  National  Center  for  Education  Statistics.  August  1991). 
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Appendix  A.  Appendix  Tables 


Appendix  table  1-4. 

Student  achievement  scores  in  mathematics,  by  age,  gender,  and  race/ethnicity: 
1973-90  assessments 


Gender  and  race/ethnicity  1973  1978  1982  1986  1990 


9-yoar-olds 

Total   219.1  218.6  219.0  221.7  229.6 

Male   217.7  217.4  217.1  221.7  229.1 

Female   220.4  219.9  220.8  221.7  230.2 

White   224.9  224.1  224.0  226.9  235.2 

Black   190.0  192.4  194.9  201.6  208.4 

Hispanic   202.1  202.9  204.0  205.4  213.8 


13-year-olds 

Total   266.0  264.':  268.6  269.0  270.4 

Male   265.1  263.6  2692  270.0  271.2 

Female   266.9  264.7  268.0  268.0  259.6 

White   2737  271 .6  274.4  273.6  276.3 

Black   227.7  229.6  240.4  249.2  249.1 

Hispanic   238.8  238.0  252.4  254.3  254.6 

17-year-olds 

Total   304.4  300.4  298.5  302.0  304.6 

Male   308.5  303.8  301.5  304.7  306.3 

Female   300.6  297.1  295.6  299.4  302.9 

White   310.1  305.9  303.7  307.5  309.5 

Black   269.8  268.4  271.8  278.6  288.5 

Hispanic   277.2  276  3  276.7  283.1  283  5 


SOURCE:  I.V.S.  Mullls,  J.A.  Dossey.  M.A.  Foertsch,  i  .R.  Jones.  C.A.  Gentilo.  -Trends  in  Academic  Progress: 
Achievement  of  American  Students  in  Science.  1970-90*  Mathematics.  1973-90.  Reading.  1971-90.  and  Writing. 
1984-90."  review  draft  (Washington.  DC:  National  Center  for  Education  Statistics.  August  1991). 

See  figures  1-4,  1-5.  and  1*6.  and  figure  0-12  in  Overview.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  1-5. 

Percentage  of  students  achieving  at  or  above  mathematics  proficiency  levels,  by  age:  1978-90  assessments 


Assessment  years 


Level  and  description 

Aqe 

1978 

1982 

1986 

1990 

Percent 

ISO** Simple  arithmetic  facts.  Students  at  this  level  know  some  basic  addition  and 

9 .  . 

97 

97 

98 

nn 

yy 

subtraction  facts,  and  most  can  add  two-digit  numbers  Without  regrouping.  They 

13.  . 

.  .  100 

100 

100 

100 

recognize  simple  situations  in  which  addition  and  subtraction  apply.  They  also  are 

17.  . 

.  .  100 

100 

100 

100 

developing  rudimentary  classification  skills. 

200  -  Beginning  skills  and  understandings.  Students  at  this  level  have  considerable 

9.  . 

.  .  70 

71 

74 

82 

understanding  of  two-digit  numbers.  They  can  add  two-digit  numbers,  but  are  still 

13.  . 

.  .  95 

98 

99 

99 

developing  an  ability  to  regroup  in  subtraction.  They  know  some  basic  multiplication 

17.  . 

.  .  100 

100 

100 

100 

and  division  facts,  recognize  relations  among  coins,  can  read  information  from  charts 
and  graphs,  and  use  simple  measurement  instruments.  They  are  developing  some  rea- 
soning skills. 


250-  Basic  operations  and  beginning  problem-solving.  Students  at  this  level  have  an 
initial  understanding  of  the  four  basic  operations.  They  are  able  to  apply  whole  number 
addition  and  subtraction  skills  to  one-step  word  problems  and  money  situations.  In  multi- 
plication, they  can  find  the  product  of  a  two-digit  and  a  one-digit  number.  They  can  also 
compare  information  from  graphs  and  charts  and  are  developing  an  ability  to  analyze 
simple  logical  relations. 


9.  .  . 

.  20 

19 

21 

28 

13.  .  . 

71 

73 

75 

17.  .  . 

.  92 

93 

96 

96 

300  -  Moderately  complex  procedures  and  reasoning.  Students  at  this  level  are  deveioo- 

9.  .  . 

1 

1 

1 

ingan  understanding  of  numbei  systems.  They  can  compute  with  decimals,  simple  fractions. 

13.  .  . 

.  18 

17 

16 

17 

and  commonly  encountered  peicents.  They  can  identify  geometric  figures,  measure  lengths 

17.  .  . 

.  52 

49 

52 

56 

and  angles,  and  calculate  areas  of  rectangles.  These  students  are  also  able  to  interpret  sim- 
ple inequalities,  evaluate  formulas,  and  solve  simple  linear  equations.  They  can  find  aver- 
ages, make  decisions  on  information  drawn  f.om  graphs,  and  use  logical  reasoning  to  solve 
problems.  They  are  developing  the  skills  to  operate  with  signed  numbers,  exponents,  and 
square  roots. 


350  -  Multi-step  problem-solving  and  algebra.  Students  at  this  level  can  apply  a  range  9 ....     0  0  0  0 

of  reasoning  skills  to  solve  mu'ti-step  problems.  They  can  solve  routine  problems  involving  13 .  ,  .  .     1  1  0  0 

fractions  and  percents,  recognize  properties  of  basic  geometric  figures,  and  work  with  ex-  17 ....     7  6  7  7 

ponents  and  square  roots.  They  can  solve  a  variety  of  two-step  problems  using  variables, 
identify  equivalent  algebraic  expressions,  and  solve  linear  equations  and  inequalities.  They 
are  developing  an  understanding  of  functions  and  coordinate  systems. 


SOURCE:  I.V.S.  Mullis.  J.A.  Dossey,  M.A.  Foertsch,  L.R.  Jones.  C.A.  Gentile^  ''Trends  in  Academic  Progress:  Achievement  of  American  Students  in  Science. 
1970-90.  Mathematics.  1973-90,  Reading,  1971-90,  and  Writing,  1984-90."  review  draft  (Washington.  DC:  National  Center  for  Education  Statistics.  August  1991). 

See  text  table  1  -2.  Science  &  Engineering  indicators  -  1991 
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Appendix  table  1-6. 

Percentage  of  students  achieving  at  or  above  mathematics  proficiency  levels,  by  age 
and  race/ethnicity;  1978  and  1990  assessments 


 Assessment  years  

 1978    ^90  

Proficiency  level  and  age     White       Black      Hispanic  White       Black  Hispanic 


Percent 

Level  150 


9  

  98 

88 

93 

100 

97 

98 

13  

  100 

99 

100 

100 

100 

100 

17  

.  .  100 

100 

100 

100 

100 

100 

Level  200 

9  

  76 

42 

54 

87 

60 

68 

13  

  98 

80 

86 

99 

95 

97 

17  

  100 

99 

99 

100 

100 

100 

Level  250 

9  

  23 

4 

9 

33 

9 

11 

13  

  73 

29 

36 

82 

49 

57 

17  

  96 

71 

78 

98 

92 

86 

Level  300 

9  

  1 

0 

0 

2 

0 

0 

13  

  21 

2 

4 

21 

4 

6 

17  

  58 

17 

23 

63 

33 

30 

Level  350 

9  

  0 

0 

0 

0 

0 

0 

13  

  1 

0 

0 

0 

0 

0 

17  

9 

1 

1 

8 

2 

2 

NOTE:  See  appendix  table  1  -5  for  a  description  of  the  proficiency  levels. 

SOURCE:  I.V.S.  Mullis.  J.A.  Dossey.  M  A.  Foortsch.  L.R.  Jones.  C.A.  Gentile.  Trends  in  Academic  Progress: 
Achievement  of  American  Students  in  Science.  1970-90.  Mathematics.  1973-90.  Reading.  1971-90.  and  Writing.  1984- 
90."  review  draft  (Washington.  DC:  National  Center  for  Education  Statistics.  August  1991). 
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Appendix  table  1-7. 

Mathematics  proficiency  of  eighth  grade  public  school  students, 
by  region  and  state:  1990 


Average 

Students  at  or  above  level 

proficiency 

200 

250 

300 

350 

Percent 

  261 

97 

64 

12 

0 

Regions 

  269 

99 

72 

16 

0 

Southeast  

  253 

94 

52 

8 

0 

Central  

  265 

98 

70 

12 

0 

West  

97 

63 

12 

0 

States 

  252 

96 

52 

7 

0 

Arizona  

  259 

98 

61 

10 

0 

  256 

97 

57 

7 

0 

yo 

56 

11 

0 

Colorado  

  267 

99 

72 

14 

0 

Connecticut  

  270 

98 

72 

19 

0 

Delaware  

  261 

97 

60 

13 

0 

□'Strict  of  Columbia  

  231 

86 

23 

2 

0 

Florida  

  255 

96 

54 

10 

0 

Georgia  

  258 

96 

59 

12 

0 

Hawaii  

  251 

93 

49 

10 

0 

Idaho  

  272 

100 

79 

15 

0 

Illinois  

  260 

96 

64 

12 

0 

Indiana  

99 

71 

14 

0 

Iowa  

  278 

100 

84 

21 

0 

Kentucky  

  256 

98 

57 

8 

0 

Louisiana  

  246 

94 

43 

4 

0 

Maryland  

  260 

96 

61 

14 

0 

Michigan  

98 

67 

13 

0 

Minnesota  

  276 

99 

82 

20 

0 

Montana  

  280 

100 

88 

23 

0 

Nebraska  

  276 

99 

81 

21 

0 

New  Hampshire  

  273 

100 

79 

17 

0 

New  Jersey  

  269 

99 

72 

19 

0 

New  Mexico  

  256 

98 

56 

8 

0 

New  York  

  261 

96 

62 

13 

0 

North  Carolina  

  250 

94 

49 

7 

0 

North  Dakota  

  281 

100 

88 

24 

0 

Ohio  

  264 

98 

67 

12 

0 

Oklahoma  

263 

99 

67 

10 

0 

Oregon  

  271 

99 

76 

18 

0 

rennsyivania  

69 

15 

u 

Rhode  Island  

  260 

96 

61 

12 

0 

Texas   

  258 

97 

1  u 

0 

Virginia  

  264 

98 

64 

15 

1 

West  Virginia  

  256 

98 

56 

7 

0 

Wisconsin  

  274 

99 

80 

20 

0 

Wyoming  

  272 

100 

80 

15 

0 

Territories 

Guam  

  231 

81 

28 

3 

0 

  218 

76 

11 

0 

0 

Data  were  reported  by  38  states. 

SOURCE-  I  V.S  Mullis.  J. A  Dossey.  E  H.  Own.  and  G.W  Phillips.  The  State  of  Mathematics  Achievement:  NAEP  s 
1990  Assessment  of  the  Nation  and  the  Tnal  Assessment  of  the  States  (Washington.  DC.  Nafonal  Center  for  Education 
Stalistics.  1991). 
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Appendix  table  1-8. 

Intended  majors  of  high  school  seniors  scoring  above  the  90th  percentile  on  the  mathematics  SAT:  1977-90 

Inlended  major  1977       1978       1979       1980  1981       1982  1983  1984  1985  1986  1987  1988  1989  1990 

Percent 

All  fields   100         100        100        100  100  100        100  100  100  100  100  100  100  100 

Total  science  and  engineering   40         44         46         46  47  50         49  46  46  44  48  47  46  46 

Total  sciences   27          28          28          27  27  29          28  26  26  23  25  26  26  26 

Mathematics  and  statistics   5           5           4           4  4  3           3  3  3  3  3  3  3  3 

Computer   3           4           5           5  7  9          10  9  7  4  4  3  3  3 

Physical   3           3           3           3  3  3           3  3  3  3  3  3  3  3 

l_,fe   55544444445666 

Earth  and  environmental   1           1           1           1  1  ^  ^  ^  ^ 

Psychology   4           4           4           4  4  4           3  3  4  4  4  5  5  5 

Sonal    3           4           4           3  3  3           2  2  2  2  3  3  3  3 

Other   2           2           3           2  2  2           2  2  2  2  2  3  3  3 

Total  engineenng   14          16          18          19  20  22          21  20  20  21  23  21  20  20 

Total  non-science/engineenng   25          28          31          27  S  3  29          26  2  5  29  28  34  35  35  35 

Humanities   6           6           7           5  o  6           5  4  5  5  6  6  6  6 

Premedicine   8           8           8           8  8  8           8  8  9  7  8  7  7  7 

Pre-law    2            4            4            3  3  3            3  3  3  3  3  4  4  4 

Business    7           8          10           9  9  10           9  8  10  11  14  15  15  14 

Education   3           2           2           2  2  2           1  1  2  2  3  3  3  3 

Other,  undecided,  missing   34          28          23          27  26  21          26  29  25  28  18  19  19  19 

*    loss  than  1  porcenl 

y.omci-:  J  Grundy.  M.ifor  hicld  SGfections  of  High  School  Seniors  Above  the  90th  Percentile  in  SAT  Mathematics  (Princeton.  NJ:  Educational  Testing  Service.  1 990}.  unpublished  tabulations  for  the  National  Science 
Koiindahon 
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Appendix  table  1-9. 

intended  majors  of  white  male  iilgli  sciiool  seniors  scoring  above  tlie  90tli  percentile  on  tiie  matiiematics  SAT:  1977-90 


Intended  major  1 977  1978  1979  1980  1981  1982  1983  1984  1985  1986  1987  1988  1989  1990 

-  .  Percent 

All  fields   100  100  100  100  100  100  100  100  100  100  100  100  100  100 

Total  science  and  engineering   52  60  59  60  59  63  60  59  58  55  59  56  57  56 

Total  sciences   30  33  31  30  29  30  30  29  28  25  26  26  26  27 

Mathematics  and  statistics   6  6  5  4  4  4  3  4  4  3  3  3  3'  3 

Computer   4  5  6  7  8  10  12  11  10  6  6  5  5  4 

Physical   5  6  6  6  5  5  4  4  5  5  5  5  4  4 

;   •      I  jfe  45443333334444 

Earth  and  environmental   1  2  1  l  i  '  '  '  '  ' 

Psychology   12  11111111111] 

Socal  .    4  4  4  4  3  3  3  3  3  4  4  4  5  4 

Other    5  5  5  4  4  4  3  3  3  2  3  4  4  4 

Total  engineering   22  27  28  29  29  32  30  29  30  30  33  30  31  29 

Total  non-science/engineerinq   23  27  26  25  23  22  20  21  23  22  30  29  29  29 

Humanities   4  4  4  4  4  3  3  3  3  4  4  5  5  5 

Premedicine   8  9  8  8  8  7  7  8  6  6  5  5  5  5 

Pre-law   3  5  5  4  4  4  3  3  3  2  3  4  4  4 

Business   7  8  9  8  8  8  7  7  9  y  13  14  14  14 

Education   1  1  1  •  1  •  •  •  1  1  1  2  1  2 


Othor.  undecided,  missing . 


25  14  15  16  19  15  20  21  19  23  14  15  15  15 


*    u»ss  than  1  piircent 

SC)UfK:t:  J  Grandy.  Major  Ftcid  Selections  of  High  School  Seniors  Above  the  90th  Percentile  in  SAT  Mathematics  (Princeton.  NJ:  Educational  Testing  Servce,  1990).  unpublished  tabulations  for  the  National  Science 
FoundHliun 
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Appendix  table  1-10. 

Intended  majors  of  white  female  high  school  seniors  scoring  above  the  90th  percentile  on  the  mathematics  SAT:  1977-90 


Intended  major 

A  nil 

1977 

197o 

19/9 

19oU 

1  QQ  1 

1  QQO 

1983 

1984 

lyoD 

1  QflA 

1  900 

1QfiQ 

1  QQfi 

Percent 

All  fields  

100 

100 

100 

100 

100 

100 

1UU 

1  uu 

100 

100 

100 

100 

100 

100 

Total  science  and  engineering  

32 

32 

37 

34 

37 

41 

40 

37 

39 

34 

37 

37 

37 

37 

27 

26 

29 

26 

28 

30 

29 

27 

29 

25 

27 

28 

28 

29 

Mathematics  and  statistics  

5 

5 

4 

4 

4 

4 

4 

4 

4 

3 

3 

3 

3 

3 

Computer  

2 

3 

4 

4 

6 

8 

8 

b 

4 

2 

2 

2 

1 

1 

0 

0 
c 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Life  

7 

7 

7 

5 

6 

6 

5 

5 

6 

6 

7 

7 

7 

8 

Earth  and  environmental  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

* 

* 

* 

3 

3 

4 

3 

4 

4 

3 

4 

5 

4 

5 

5 

5 

5 

Social  

5 

4 

5 

4 

4 

4 

4 

4 

5 

5 

6 

7 

7 

7 

Other  

2 

2 

3 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

5 

6 

8 

8 

10 

12 

11 

10 

11 

10 

10 

10 

9 

9 

Total  non-science/engineering  

29 

30 

36 

31 

34 

36 

32 

31 

38 

35 

40 

41 

41 

40 

g 

9 

10 

8 

8 

9 

a 

7 

9 

8 

9 

9 

10 

9 

7 

6 

7 

7 

7 

B 

8 

8 

8 

7 

7 

6 

6 

6 

2 

3 

3 

3 

4 

4 

3 

3 

4 

3 

4 

4 

4 

5 

7 

8 

11 

10 

11 

12 

11 

10 

14 

13 

15 

15 

15 

14 

5 

4 

4 

If 

4 

3 

3 

3 

4 

4 

5 

6 

6 

7 

Othrn.  undecided,  missing  

38 

38 

27 

37 

29 

23 

28 

33 

23 

31 

22 

22 

22 

22 

•    U?sr,  than  1  percent 

'iOUHCr  J  Grandy.  Mayor  F/eW  Selections  of  High  School  Seniors  Above  the  90th  Percentile  in  SAT  Mathematics  (Princeton.  NJ:  Educational  Testing  Servce.  1990).  unpublished  tabulations  for  the  National  Science 
hounddtion 
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Appendix  table  1-11. 

Intended  majors  of  black  male  *^igh  school  seniors  scoring  above  the  90th  percentile  on  the  mathematics  SAT:  1977-90 


liUt^nUUU  IflrJJUl 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Percent 

100 

100 

100 

100 

100 

100 

1  uu 

\  KJKJ 

100 

100 

4  r\r\ 

100 

100 

■4  r\r\ 

1  uu 

Total  science  and  engineering  

36 

47 

44 

48 

48 

52 

00 

52 

51 

56 

53 

53 

55 

15 

19 

18 

17 

19 

21 

OQ 

do 

21 

19 

22 

19 

20 

21 

Matliomatics  and  statistics  

2 

2 

2 

1 

2 

1 

2 

1 

2 

2 

rs 

2. 

1 

o 
d. 

Computer  

3 

4 

5 

4 

7 

9 

11 

13 

10 

7 

7 

6 

6 

6 

2 

2 

2 

2 

2 

1 

p 

1 

2 

1 

2 

2 

1 

2 

■  I  ife 

2 

3 

3 

2 

3 

3 

Q 

U 

q 

2 

3 

4 

3 

3 

1    .  3 

Earth  and  environmental  

1 

1 

1 

* 

* 

* 

* 

* 

* 

• 

F^sychology  

1 

1 

1 

• 

• 

ft 

* 

* 

So<~;i?n  

3 

o 

3 

3 

2 

2 

c. 

9 

c. 

3 

3 

3 

3 

3 

3 

2 

3 

3 

3 

3 

2 

2 

2 

2 

3 

3 

3 

3 

3 

  21 

28 

26 

31 

29 

31 

31 

32 

31 

32 

34 

34 

33 

34 

Tnf;il  nnfi-«;ri<''nrfi,'pnninpprjna 

20 

25 

25 

25 

22 

22 

20 

23 

23 

25 

32 

34 

35 

33 

3 

3 

3 

3 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

....  8 

8 

7 

8 

7 

o 
O 

7 

8 

( 

D 

o 
O 

O 

7 

7 

2 

3 

4 

3 

2 

3 

3 

3 

3 

2 

3 

4 

5 

5 

7 

10 

10 

10 

9 

9 

8 

10 

10 

13 

17 

19 

19 

17 

1 

1 

1 

1 

* 

* 

1 

1 

1 

1 

1 

1 

44 

29 

30 

28 

31 

26 

27 

22 

25 

25 

12 

13 

13 

13 

•    If.'ss  than  1  porcont 

source:  J  Grr.ndy.  Major  F'etd  Selnctions  of  Htgh  School  Seniors  Above  the  90th  Perceritile  in  SAT  Mathematics  (Prmceion.  NJ:  Educational  Testing  Servce.  1990).  unpublished  tabulations  lor  the  National  Science 

F-oiindatton.  ^  .    .  .    .  .^^^ 
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Appendix  table  M2. 

Intended  majors  of  black  female  high  school  seniors  scoring  above  the  goth  percentile  on  the  mathematics  SAT:  1977-90 


Intended  major  1977       1  978       1  979       1  980       1981       1982       1983       1  984       1985       1  986       1  987       198S       1989  1990 

Percent 

All  fields   100        100        100        100        1  00        100        100        1  00        100        1  00        1  00        100        100        1  00 


Total  science  and  engineering  

,     .  25 

31 

30 

30 

Total  sciences  

, .  ,  .  18 

21 

20 

18 

Mathematics  and  statistics  

2 

3 

2 

2 

2 

4 

4 

4 

1 

1 

1 

1 

Life  

3 

3 

4 

3 

Farth  and  environmental  

• 

* 

• 

* 

4 

5 

5 

4 

4 

5 

4 

3 

Other  

1 

2 

1 

1 

Total  engineering  

7 

10 

10 

12 

Total  non-science/engineering  

29 

35 

35 

29 

Humanities  

5 

6 

6 

4 

10 

11 

11 

10 

3 

5 

5 

4 

Business  

8 

10 

12 

10 

3 

3 

3 

1 

Other  undecided,  missing  

46 

35 

34 

42 

33 

34 

36 

35 

33 

31 

36 

36 

36 

36 

21 

22 

23 

22 

21 

18 

21 

22 

23 

22 

1 

1 

2 

2 

2 

1 

2 

2 

2 

2 

7 

9 

11 

9 

7 

5 

4 

4 

4 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

3 
* 

3 

4 
* 

4 
* 

4 

4 
* 

5 

4 
• 

4 
• 

4 

3 

3 

3 

4 

4 

5 

5 

6 

5 

3 

3 

3 

3 

3 

3 

4 

5 

5 

5 

2 

1 

1 

1 

1 

1 

1 

2 

2 

2 

12 

12 

13 

13 

12 

13 

14 

14 

12 

14 

34 

29 

29 

30 

35 

35 

46 

47 

46 

46 

5 

4 

3 

3 

4 

4 

4 

5 

5 

5 

12 

11 

11 

11 

12 

12 

14 

12 

12 

13 

5 

4 

4 

4 

4 

4 

6 

7 

8 

7 

12 

10 

10 

11 

13 

14 

20 

20 

19 

18 

1 

1 

1 

1 

1 

1 

2 

3 

3 

3 

34 

37 

35 

35 

32 

34 

18 

17 

18 

18 

•    losfi  than  1  porcent 

SOUHCr  vl.  Grandy,  Major  Field  Selections  of  High  School  Seniors  Above  the  90th  Percentile  in  SAT  Mathematics  (Princeton.  NJ  Educational  Testing  Servce,  1990),  unpublished  tabulations  for  the  Natrona!  Science 
Foundation 
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Appendix  table  M3. 

Percentage  of  17-year-old  students  studying  science  subject 
matter  for  1  year  or  more:  1982, 1986,  and  1990 


/ 


Suhippt  rind  ^tudpnt  rh^imrtpri^tir 

Percent 

General  science 

Total  

61 

69 

56 

Male:"  

63 

71 

60 

,  ,  ,  ,  59 

67 

53 

White  

61 

71 

56 

, , , ,  66 

62 

58 

Hispanic  

,  ,  ,  ,  58 

64 

69 

Life  science 

Total  

27 

40 

30 

Male  

29 

45 

32 

Female  

26 

34 

28 

White  

27 

40 

28 

Black  

27 

40 

35 

Hispanic  

31 

41 

44 

Physical  science 

Total  

33 

41 

41 

Male  

33 

43 

42 

Female  

33 

40 

40 

White  .  .  

32 

41 

39 

Black  

34 

45 

47 

35 

37 

55 

Earth  and  space  sciences 

Total  

27 

38 

35 

Male  

30 

41 

35 

Female  

25 

34 

34 

White  

28 

38 

34 

Black  

28 

44 

35 

20 

23 

38 

Bioiogy 

Total  

....  76 

80 

85 

Male  

74 

78 

82 

Female  

78 

82 

87 

White  

78 

81 

86 

Black  

66 

77 

79 

....  62 

70 

78 

Chemistry 

Total  

31 

33 

42 

31 

34 

40 

Female  

30 

31 

45 

White  

33 

35 

44 

Black  

19 

23 

36 

Hispanic  

13 

16 

26 

Physics 

Total  

11 

11 

10 

Male  

14 

13 

12 

Female  

9 

8 

9 

White  

11 

11 

9 

Black  

12 

9 

13 

Hispanic  

  9 

7 

11 

NOTE:  Data  are  based  on  self-reports  of  17-year-olds  on  different  subjects  studied  for  1 
year  or  more. 

SOURCE:  I.V.S.  Mullis.  J.A.  Dossey.  M.A.  Foertsch.  LR.  Jones.  C.A.  Gentile.  "Trends  in 
Academic  Progress:  Achievement  of  American  Students  in  Science.  1970-90. 
Mathematics.  1973-90.  Reading.  1971-90.  and  Writing,  1984-90."  review  draft 
(Washington.  DC:  National  Center  for  Education  Statistics.  August  1991 ). 
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Appendix  A.  Appendix  Tables 


Appendix  table  1-14. 

Percentage  of  ly-year-^old  students  by  highest  level 
of  mathematics  course  taken:  1978  and  1990 


Subject  and  student  characteristic  1 978  1 990 


Percent 

Pre-algebra  or  general  mathematics 

Total   20  15 

Male   21  16 

Female   20  14 

While   18  15 

Black   31  16 

Hispanic   36  21 

Algebra  1 

Total   17  15 

Male   15  16 

Female   18  15 

White   17  15 

Black   19  16 

Hispanic   19  24 

Geometry 

Total    16  15 

Male   15  16 

Female   18  14 

White   17  15 

Black   11  17 

Hispanic   12  13 

Algebra  2 

Total   37  44 

Male.   38  42 

Female   37  47 

White   39  46 

Black   28  41 

Hispanic   23  32 

Precalculus  or  calculus 

Total   6  8 

Male   7  8 

Female   4  8 

White   6  8 

Black   4  6 

Hispanic   3  7 


SOURCE:  I.V.S.  Mullis.  J. A.  Dossey.  M.A.  Foertsch,  L.R.  Jones,  C.A.  Gentile.  "Trends  in 
Academic  Progress:  Achievement  of  American  Students  in  Science.  1970-90. 
Mathematics.  1973-90.  Reading.  1971-90.  and  Writing.  1984-90."  review  draft 
(Washington,  DC:  National  Center  for  Education  Statistics.  August  1991). 
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Appendix  table  1-15. 

Estimated  proportion  of  public  higii  sciiool  students  taking 
selected  science  courses  by  graduation,  by  state:  fall  1989 

(page  1  of  2) 


State  Biology         Chemistry  Physics 


 Percent 

U.S.  total'   95+  45  20 

Alabama   95+  38  21 

Alaska   NA  NA  NA 

Arizona   NA  NA  NA 

Arkansas   95+  33  13 

California   91  33  16 

Colorado   NA  NA  NA 

Connecticut   95+  62  36 

Delaware   95+  48  19 

District  of  Columbia   75  46  13 

Florida   95+  44  19 

Georgia   NA  NA  NA 

Hawaii   88  40  21 

Idaho   80  26  15 

Illinois   78  40  20 

Indiana   95+  42  19 

Iowa   95+  57  27 

Kansas   95+  45  17 

Kentucky   95+  45  14 

Louisiana   90  50  21 

f^yiaine   94  58  NA 

Maryland   95+  61  27 

Massachusetts   NA  NA  NA 

Michigan   NA  NA  NA 

Minnesota   95+  44  23 

Mississippi   95+  55  M 

Missouri   86  41  16 

Montana   95+  48  24 

Nebraska   95+  46  21 

Nevada   65  33  13 

New  Hampshire   NA  NA  NA 

New  Jersey   NA  NA  NA 

New  Mexico  ,   95+  31  15 

New  York   95+  56  28 

North  Carolina   95+  47  15 

North  Dakota   95+  54  24 

Ohio   95+  49  20 

Oklahoma   93  37  10 

Oregon   NA  NA  NA 

Pennsylvania   95+  56  29 

Rhode  Island   NA  NA  NA 


(continued) 
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Appendix  A.  Appendix  Tables 


Appendix  table  1-15. 

Estimated  proportion  of  public  high  school  students  taking 
selected  science  courses  by  graduation,  by  state:  fall  1989 

(page  2  of  2) 


State  Biology         Chemistry  Physics 


Percent 

South  Carolina   95+  51  16 

South  Dakota   NA  NA  NA 

Tennessee   88  42  11 

Texas   95+  40  12 

Utah   80  37  20 

Vermont   NA  NA  NA 

Virginia   95+  57  23 

Washington   NA  NA  NA 

West  Virginia   95+  40  11 

Wisconsin   95+  51  25 

Wyoming   86  36  16 


NA  =  not  available 

NOTES:  Each  stale  proportion  is  a  statistical  estimate  of  coursetaking  by  high  school 
students  by  the  time  they  graduate.  The  estimate  is  based  on  the  total  course  enrollment 
in  grades  9-12  in  fall  1989  divided  by  the  estimated  number  of  students  in  a  grade  cohort 
during  4  years  of  high  school.  The  statistical  estimation  method  is  imprecise  for  states 
above  95'percent  coursetaking  rate. 

'U.S.  total  is  the  proportion  of  public  high  school  students  estimated  to  take  each  course, 
including  imputation  for  nonreportlng  states. 

SOURCE:  R.K.  Blank  and  M.  Dalkilic.  State  Indicators  of  Science  and  Mathematics 
Education:  7990  (Washington.  DC:  Council  of  Chief  State  School  Officers,  1991). 
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Appendix  table  1-16. 

Estimated  proportion  of  public  high  school  students  taking 
selected  mathematics  courses  by  graduation,  by  state:  fall  19B9 

(page  1  of  2) 


State  Algebra  1 '        Algebra  2  Calculus 


Percent 

U.S.total^   81  49  9 

Alabama   70  46  6 

Alaska   NA  NA  NA 

Arizona   NA  NA  NA 

Arkansas   88  48  5 

California   92  44  9 

Colorado   NA  NA  NA 

Connecticut   74  61  14 

Delaware   73  43  17 

District  of  Columbia   65  39  3 

Florida   78  42  9 

Georgia   NA  NA  NA 

Hawaii   52  33  4 

Idaho   95+  64  G 

Illinois   77  39  9 

Indiana   60  45  8 

Iowa   92  50  9 

Kansas   66  47  9 

Kentucky   81  54  6 

Louisiana   95+  64  4 

Maine   84  64  NA 

Maryland   94  51  13 

Massachusetts   NA  NA  NA 

Michigan   NA  NA  NA 

Minnesota   90  55  12 

Mississippi   85  58  3 

Missouri   95  58  8 

Montana   94  65  6 

Nebraska   75  54  6 

Nevada   90  32  5 

New  Hampshire   NA  NA  NA 

New  Jersey   NA  NA  NA 

New  Mexico   95+  47  8 

New  York    69  46  12 

North  Carolina   67  51  8 

North  Dakota   95  64  3 

Ohio   80  47  8 

Oklahoma   95+  60  8 

Oregon   NA  NA  NA 

Pennsylvania   88                 57  16 

Rhode  Island   NA  NA  NA 
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Appendix  table  1-16. 

Estimated  proportion  of  public  high  school  students  taking 
selected  mathematics  courses  by  graduation,  by  state:  fall  1989 

(page  2  of  2) 


State 


Algebra  1 ' 


Algebra  2 


Calculus 


South  Carolina   69 

South  Dakota   NA 

Tennessee   79 

Texas   82 

Utah   82 

Vermont   NA 

Virginia   81 

Washington   NA 

West  Virginia   73 

Wisconsin   79 

Wyoming   73 


Percent 
55 
NA 
54 
54 
63 
NA 
55 
NA 
42 
36 
29 


7 
NA 
4 
5 
13 
NA 
11 
NA 
2 
9 
8 


NA  =  not  available 

NOTES;  Each  stale  proportion  is  a  statistical  estimate  of  courselaking  by  high  school 
students  by  the  time  they  graduate.  The  estimate  Is  based  on  the  total  course  enrollment 
In  grades  9-12  in  fall  1989  divided  by  the  estimated  number  of  students  In  a  grade 
cohort  during  4  years  of  high  school.  The  statistical  estimation  method  is  imprecise  for 
states  above  95-percent  coursetaking  rate. 

'Algebra  1  percentages  Include  grade  6. 

U.S.  total  Is  the  proportion  of  public  high  school  students  estimated  to  take  each  course, 
including  imputation  for  nonreporting  states. 

SOURCE:  R.K.  Blank  and  M.  Dalkllic,  State  Indicators  of  Science  and  Mathematics 
Education:  t990  (Washington.  DC:  Council  of  Chief  State  School  Officers.  1991). 
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Appendix  table  1-17. 

Average  credits  earned  by  public  high  school  graduates  in  science,  by  gender  and 
race/ethnicity:  1969-87 


Subject  and  student  characteristic 


1969 


1975-78 


1979-81 


1982 


1987 


Percent 


All  science  credits 

Male   2.38 

Female   2.10 

White    2.28 

Asian   2.38 

Black   2.02 

Hispanic   2.01 

Native  American   NA 

Survey  courses 

Male   0.92 

Female   0.74 

White   0.80 

Asian   1 .08 

Black   0.87 

Hispanic   0.99 

Native  American   NA 

Biology 

Male   0.88 

Female   0.99 

White   0.94 

Asian   0.69 

Black   0.95 

Hispanic   0.89 

Native  American   NA 

Chemistry 

Male   0.42 

Female   0.32 

White   0.41 

Asian   0.47 

Black   0.17 

Hispanic   0.1 1 

Native  American   NA 

Physics 

Male   0.16 

Female   0.06 

White   0.13 

Asian   0.15 

Black   0.04 

Hispanic   0.03 

Native  American   NA 


2  40 
2.14 
NA 
NA 
1.96 
1.98 
NA 


0.56 
0.51 
NA 
NA 
0.55 
0.51 
NA 


0.97 
0.99 
NA 
NA 
0.84 
0.86 
NA 


0.42 
0.35 
NA 
NA 
0.22 
0.34 
NA 


0.45 
0.29 
NA 
NA 
C.37 
0.28 
NA 


2.26 

2.23 

2.53 

2.11 

2.11 

2.49 

NA 

2.25 

2.57 

NA 

2.57 

3.00 

1.95 

2,04 

2.31 

1.81 

1.78 

2.20 

NA 

1.96 

2.44 

0.57 

0.78 

0.78 

0.48 

0.71 

0.73 

NA 

0.73 

0.74 

NA 

0.51 

0.65 

0.54 

0.82 

0.90 

0.33 

0.77 

0.77 

NA 

0.72 

0.81 

0.86 

0.89 

1.04 

0.98 

0.96 

1.13 

NA 

0.96 

1.11 

NA 

1.08 

1.11 

0.83 

0.88 

1.00 

0.84 

0.79 

1.05 

NA 

0.77 

1.22 

0.37 

0.35 

0.47 

0.33 

0.33 

0.47 

NA 

0.38 

0.50 

NA 

0.60 

0.80 

0.21 

0.25 

0.31 

0.24 

0.15 

0.28 

NA 

0.35 

0.32 

0.46 

0.21 

0.25 

0.32 

0  12 

0.16 

NA 

0.19 

0.22 

NA 

0.39 

0.43 

0.37 

0.09 

0.11 

0.33 

0.06 

0.09 

NA 

0.11 

0.09 

SOURCE:  J.  Tuma.  A.  Gilford.  D.  Harde.  E.G.  Hoachlander.  and  L.  Horn,  Courv  Enrollment  Patterns  in  Public 
Secondary  Schools,  1969  to       (Berkeley.  CA:  MPR  Associates,  Inc.,  1989). 
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Appendix  table  1-18. 

Average  credits  earned  by  public  high  school  graduates  in  mathematics,  by  gender  and 
race/ethnicity;  1969-87 


Subject  and  student  characteristic 


1969 


1975-78  1979-81 


1982 


1987 


All  mathematics  credits 

Male  

Female  

White  

Asian  

Black  

Hispanic  

Native  American  .... 


Basic  mathematics 

Male  


Asian , 


Percent 


?  73 

2.51 

2.57 

2.64 

3.06 

2.21 

2.31 

2.47 

2.97 

NA 

NA 

2.60 

3.03 

3  12 

NA 

NA 

3.14 

3.70 

?  1  Q 

2.55 

2.96 

2.22 

2.18 

2.42 

2.2 

42.86 

NA 

NA 

NA 

2.09 

3.06 

0.33 

0.17 

0.10 

0.11 

0.14 

0.31 

0.15 

0.08 

0.08 

0.12 

0.28 

NA 

NA 

0.07 

0.09 

0.14 

NA 

N 

0.08 

0.09 

0.51 

0.24 

0.15 

0.20 

0.25 

0.61 

0.16 

0.09 

0.15 

0.35 

NA 

NA 

NA 

0.26 

0.10 

General  mathematics 

Male   0.25 

Female   0.21 

White   0.21 

Asian   0.19 

Black   0.33 

Hispanic   0.33 

Native  American   NA 

Algebra 

Male   0.85 

Female   0.79 

White   0.83 

Asian   0.82 

Black   0.77 

Hispanic   0.67 

Native  American   NA 

Geometry 

Male   0.57 

Female   0.48 

White   0.58 

Asian   076 

Black   0.27 

Hispanic   0.27 

Native  American   NA 

Calculus 

Male   0.01 

Female  

White   0.01 

Asian   0.01 

Black  

Hispanic  

Native  American   NA 


0.51 

0.50 

0.38 

0.45 

0.45 

0.40 

0.30 

NA 

NA 

0.37 

0.29 

NA 

NA 

0.33 

0.22 

0.74 

0.80 

0.72 

0.63 

0.52 

0.52 

0.68 

0.44 

NA 

NA 

0.49 

0.48 

0.64 

0.65 

0.55 

0.66 

0.62 

0.68 

0.59 

0.68 

NA 

NA 

0.60 

0.69 

NA 

NA 

0.60 

0.71 

0.50 

0.57 

0.47 

0.59 

0.66 

0.67 

0.45 

0.59 

NA 

NA 

0.40 

0.67 

0.50 

0.50 

0.45 

0.57 

0.44 

0.47 

0.46 

0.59 

NA 

NA 

0.51 

0.62 

NA 

NA 

0.68 

0.75 

0.26 

0.27 

0.30 

0.43 

0.35 

0.40 

0.24 

0.40 

NA 

NA 

0.25 

0.45 

0.03 

U.03 

0.05 

0.07 

0.02 

0.03 

0.04 

0.05 

NA 

NA 

0.05 

0.06 

NA 

NA 

0.13 

0.26 

0.01 

0.01 

0.02 

0.03 

0.01 

0.02 

0.02 

0.03 

NA 

NA 

0.02 

•  =:  less  than  0.01  credits:  NA  =  not  available 

SOURCE:  J  Tuma.  A.  Gifford.  D.  Harrle.  E.G.  Hoachlander.  and  L.  Horn.  Course  Enrollment  Patterns  in  Public 


Secondary  Schools.  1969  to       (Berkeley.  CA:  MPR  Asso':iates.  Inc..  1989). 
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Appendix  table  1-19. 

Trends  in  mathematics  classroom  activities  at  age  17: 1978  and  1990 

In  your  high  school  mathematics  courses,  how  often  did  you: 


1978  1990 


— Percent — 

Listen  to  a  teacher  explain  a  mathematics  lesson 

Often   79  84 

Sometimes   19  13 

Never   2  3 

Discuss  mathematics  in  class 

Often   51  63 

Sometimes   43  31 

Never   7  7 

Watch  the  teacher  work  mathematics  problems  on  the  board 

Often   80  85 

Sometimes   18  12 

Never   2  3 

Work  mathematics  problems  on  the  board 

Often   28  28 

Sometimes   60  52 

Never   12  21 

Make  reports  or  do  projects  on  mathematics 

Often                                                                    2  5 

Sometimes                                                               23  23 

Never                                                                   75  72 

Take  mathematics  tests 

Often   64  84 

Sometimes   33  14 

Never   3  2 

SOURCE:  I.V.S.  Mullis.  J.A.  Dossey,  M.A.  Foertsch,  L.R.  Jones.  C.A.  Gentile.  "Trends  in  Academic 
Progress:  Achievement  of  American  Students  In  Science.  1970-90.  Mathematics.  1973-90.  Reading, 
1971-90.  and  Writing,  1984-90;  review  draft  (Washington,  DC;  National  Center  for  Education 
Statistics.  August  1991). 
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Appendix  table  1  -20. 

Frdquency  of  scientific  experiments  conducted  in  public  school  eighth  grade  science 
classes,  by  student  baclcground:  1988 


Number  of  science  experiments 


Student  characteristic 


Oor  <1 
pe  month 


About  1 
per  month 


About  1 
per  week 


About  1 
per  day 


Total   20.6 

Socioeconomic  status 

Low   29.2 

Middle   20.4 

High   11.6 

Race/ethnicity 

White   19.7 

Asian/Pacific  Islander   13.8 

Black   23.2 

Hispanic   24.6 

Native  American/Alaskan  Native  ....  34.5 


Percentage  of  students  reporting 


20.4 


21.3 
21.7 
16.2 


20.0 
17.6 
24.1 
21.8 
16.0 


46.9 


41.0 
46.9 
53.5 


47.4 
48.2 
43.3 
22.5 
44.3 


12.1 


8.5 
11.0 
18.7 


12.9 
20.5 
9.5 
8.4 

5.2 


SOURCE:  A.  Hafner  and  L.  Horn,  Survey  Report:  A  Profile  of  American  Eighth  Grade  Mathematics  ar\d  Scier\ce 
Instrvctior)  (Washington.  DC:  National  Center  for  Education  Statistics.  In  press). 
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Appendix  table  1-21. 

Elementary  school  class  time  spent  on  science 
and  mathematics,  by  state:  1990 


Science  Mathematics 


Stale  Grades  1  -3  Grades  4-6   Grades  1  -3    Grades  4-6 


Hours/week 

Median  

2.3 

3.0 

4.8 

4.9 

2.8 

3.7 

4.8 

4.8 

Alaska  

2.3 

3.0 

4.7 

4.7 

Arizona  

2.2 

3.2 

5.0 

5.3 

Arkansas  

2.4 

3.4 

5.0 

5.0 

California  

2.5 

2.7 

4.9 

4.7 

Colorado  

2.6 

3.2 

5.0 

4.9 

Connecticut  

2.0 

3.0 

5.0 

5.3 

Delaware  

1.8 

2.3 

4.7 

4.4 

District  of  Columbia .  .  . 

2.9 

3.0 

6.0 

4.8 

Florida  

2.6 

3.2 

A  n 

4.9 

4.9 

Georgia  

2.6 

3.3 

4.6 

4.9 

Hawaii  

2.3 

2.8 

4.5 

D.5 

Idaho  

2.5 

2.9 

47 

4.9 

2.2 

3.3 

4.6 

4.8 

Indiana  

2.9 

3.2 

5.7 

4.5 

Iowa  

2.2 

2.7 

4.3 

5.0 

2.2 

3.1 

4.8 

4.9 

Kentucky  

2.9 

3.5 

5.0 

4.7 

Louisiana  

3.3 

3.6 

4.6 

5.4 

.  2.7 

3.0 

4.7 

4.7 

Maryland  

2.0 

2.9 

5.3 

5.0 

Massachusetts  

1.8 

2.3 

5.2 

5.4 

Michigan  

2.7 

2.8 

4.9 

5.0 

Minnesota  

2.4 

2.3 

4.4 

4.7 

2.8 

2.4 

5.2 

6.0 

Missouri  

2.3 

3.6 

5.2 

4.9 

Montana  

2.1 

3.3 

4.6 

3.8 

Nebraska  

2.2 

3.5 

4.3 

4.9 

Nevada   

1.9 

3.2 

4.9 

4.8 

New  Hampshire  .... 

2.0 

4.1 

4.6 

5.0 

New  Jersey  

2.1 

2.4 

4.6 

5.2 

New  Mexico  

2.6 

3.5 

5.3 

5.4 

New  York  

2.2 

3.0 

5.0 

4.8 

North  Carolina  

2.9 

3.8 

4.8 

5.3 

North  Dakota  

2.3 

3.4 

4.7 

4.7 

Ohio  

2.1 

3.3 

4.2 

4.1 

2.3 

3.1 

4.6 

4.3 

Oregon  

2.2 

3.0 

5.0 

4.7 

Pennsylvania  

2.1 

2.7 

4.7 

4.7 

Rhode  Island  

1.3 

2.4 

4.8 

4.8 

2  4 

3.4 

5.0 

5.1 

South  Dakota  

2.7 

3.5 

5.0 

5.1 

Tennessee   

2.4 

2.8 

4.9 

5.5 

Texas  

3.5 

4.0 

5.1 

5.1 

Utah  

2.1 

2.2 

4.9 

5.0 

Vermont  

2.8 

2.9 

5.2 

4.8 

Virginia  

2.4 

3.0 

5.2 

5.2 

Washington  

1.9 

2.6 

4.7 

4.5 

West  Virginia  

1.9 

30 

4.7 

4.6 

2.4 

2.9 

4.5 

5.4 

Wyoming  

2.7 

3.7 

4.5 

4.6 

SOURCE.  R.K.  Blank  and  M.  Dalkilic.  State  Indicators  of  Science  and  Mathematics 
Education:  1990  (Washington.  DC:  Council  of  Chief  Slate  School  Officers.  1991 ). 
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Appendix  table  1-22. 

Public  school  eighth  graders  in  mathematics  classes  with 
algebra  or  fractions  taught  as  major  topic,  by  student 
background:  1988 

Student  characteristic  Algebra  Fractions 

"  Percentage  of  students  reporting 
Total   62.0  64.3 

Socioeconomic  status 

Low   49.3  79.2 

Middle   59.1  68.1 

High   74.8  52.4 

Race/ethnicity 

White   62.3  63.8 

Asian/Pacific  Islander   67.4  54.6 

Black   48.5  80.4 

Hispanic   57.5  80.6 

Native  American/Alaskan  Native  . .  46.3  82.9 

SOURCE:  A.  Halner  and  L.  Horn.  Survey  Report:  A  Profile  of  American  Eighth  Grade 
Mathematics  and  Science  Instruction  (Washington.  DC:  National  Center  lor  Education 
Statistics,  in  press). 
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Federal  FY  1992  budget,  by  agency  and  major  program  area 


Program  areas 

Total      Teacher  preparation    Curriculum       Comprehensive/  Student 

Agency                                     precollege      &  enhancement     development'    organization  reform     incentives  Other 

Millions  of  dollars    - 

Total                                              660.62             358.53               137.27                  57.57                47.75  59.50 

National  Science  Foundation                 253.05              97.30               84.75                 47.55               11.00  12.45 

Education                                       313.80             239.00               34.80                  0  00                 0.00  40.00 

Energy                                           21.65                6.20                 1.90                  6.40                 5.75  1.40 

Defense                                           4.97                0.63                 0.00                  0.00                 4.34  0.00 

Commerce                                        0.55                0.25                 0.09                  0.00                 0.21  0.00 

National  Aeronautics  and  Space               14.10               5  57                5.60                  0.28                0.55  2.10 

Interior                                           21.96                2.06                 3.60                  0.50               14.32  1.49 

Health  and  Human  Services                    21.77                5.15                 4.52                  0.60                10.87  0.62 

Environmental  Protection                        8.07                2.37                 2.01                   2.04                 0.21  1.44 

Agriculture                                        0.70                0.00                 0.00                  0.20                 0.50  0  00 

includes  orogram  assessment  and  evaluation. 

SOURCE:  Federal  Coord»native  Council  for  Science.  Engmeenng.  and  Technology.  By  the  Year  2000  Report  of  the  FCCSET  Committee  on  Education  and  Human 
Resources,' bu6qe\  summary.  FY  1992  (Washington.  DC:  Office  ol  Science  and  Technology  Policy.  1991). 
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Appendix  table  2-1 . 

Number  of  institutions  awarding  baccalaureates,  by  Carnegie  classification:  1988 


Number  of  institutions  _    Number  of  degrees 

Soda!  Social 

Natural     sciences  &  S&E  Natural  sciences  &  S&E 

Carnegie  category              Total      Total  S&E   sciences    psychology  Engineering    technologies  Total  S&E  sciences  psychology    Engineering  technologies 

T^t^rT7.T7  "       1739       1^392        1^331          ^222  370  302  327,999  123,115  115,239  70,406  19.239 

Research  I                           69           67            67             66  63  18  97,541  33,503  33,429  28,452  2,157 

Research  II                            34           34            34             34  28  11  30,841  10,162  10,948  8,476  1,255 

Doctorate-granting  1                  48           47            46             47  31  19  25,605  8,843  9,468  5,826  1.468 

Doctorate-granting  II  ...  .          56           54            54             50  36  17  24,662  8,477  6,904  7,928  1,353 

comprehensive  1                    395          394          393            379  120  149  95,257  39,596  32,884  14,706  8,071 

Comprehensive  II                    165          163          162            150  20  25  10.574  5,458  4,013  623  480 

Liberal  arts  I                          141          138          138            135  18  3  19,856  7,238  12.027  588  3 

Liberal  arts  II                         413          380          357            339  24  25  11,409  5,803  4.987  351  268 

Two-year  institution                  27           15            8              2  1  7  591  39  16  129  407 

Specialized                          333           83            60             14  20  24  8.691  2,995  100  2,233  3,363 

Other                                 20           11             8               4  8  0  2,221  692  439  1.090  0 

Not  classified                          38            6             4  2  1  4  751  309  24  A  414 

NOTE  S&E  -  seance  and  engineering 

SOURCE  Science  Resources  Studies  Division,  National  Science  Foundation,  unpublished  tabulations  from  the  Completion  Survey  conducted  by  the  National  Center  for  Education  Statistics. 

See  figure  2-1  and  text  table  2-1 .  ^^^'"'^  Engineering  Indicators  -  1991 
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Appendix  table  2-2. 

Number  of  institutions  awarding  masters  degrees,  by  Carnegie  classification:  1988 


Number  of  institutions 

NiJmhpr  of  dsnrfif^c; 

 -  ■ 

 — 

Social 

Social 

Natural 

sciences  & 

S&E 

Natural 

sciences  & 

S&E 

Carnegie  category 

Total 

Total  S&E 

sciences 

psycholoqy 

Engineering 

technologies 

Total  S&E 

sciences 

psychology 

Engineering 

technologies 

Total  

1.172 

645 

529 

476 

242 

56 

64,721 

26,809 

14,197 

22.891 

824 

Research  1  

69 

68 

68 

66 

65 

6 

26,094 

10,527 

3.805 

11,688 

74 

Research  II  

34 

34 

34 

34 

28 

3 

7,836 

3,356 

1,368 

3,044 

68 

Doctorate-granting  1  

49 

48 

46 

48 

25 

7 

6,289 

2,690 

1,695 

1,758 

146 

Doctorate-granting  II  ...  . 

57 

57 

53 

45 

31 

7 

6,264 

2,723 

1,238 

2,215 

88 

Comprehensive  1  

356 

275 

233 

199 

68 

27 

13,532 

6,201 

4,239 

2,735 

357 

Comprehensive  II  

111 

43 

23 

26 

4 

3 

870 

163 

625 

72 

10 

Liberal  arts  1  

49 

28 

20 

17 

2 

0 

661 

154 

471 

36 

0 

Liberal  arts  II  

131 

26 

9 

21 

1 

0 

339 

69 

269 

1 

0 

Two-year  institution  

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Specialized  

266 

45 

37 

5 

13 

2 

1.524 

764 

75 

680 

5 

Other  

30 

19 

5 

14 

4 

1 

1,292 

157 

406 

653 

76 

Not  classified  

19 

? 

1 

1 

1 

0 

20 

5 

6 

9 

0 

NOTE  S&E  ^  science  and  eng;neering. 

SOURCE  Science  Resources  Studies  Division.  National  Science  Foundation,  unpublished  tabulations  Irom  the  Completion  Survey  conducted  by  the  National  Center  for  Education  Statistics.. 
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Appendix  table  2-3. 

Number  of  institutions  awarding  doctorates,  by  Carnegie  classification:  1988 


Carnegie  category 
Total  

Research  I  

Research  II  

Doctorate-granting  I. 
Doctorate-granting  II 
Comprehensive  I ,  .  . 
Cori^prehensive  II  .  . 

Liberal  arts  I  

Liberal  arts  II  

Two-year  institution . 

Specialized  

Other  

Not  classified  


Number  of  institutions 

Number  of  degrees 

Social 

Social 

Natural 

sciences  & 

S&E 

Natural 

sciences  & 

S&E 

Total 

Total  S&E 

sciences 

psychology 

Engineering 

technologies  Total  S&E 

sciences 

psychology 

Engineering 

technoloc 

^yi 

254 

221 

1  ou 

n 

V 

20  762 

10,434 

6,139 

4,189 

0 

70 

/U 

70 

69 

0 

13  S6Q 

7,159 

3,366 

3,044 

0 

34 

04 

34 

34 

97 
Ci 

0 

3,196 

1  592 

1,014 

590 

0 

49 

AO 

48 

47 

47 

0 

2,016 

786 

986 

244 

0 

55 

CO 

42 

39 

97 

0 

1,033 

454 

348 

231 

0 

57 

25 

11 

1  0 

0 

233 

115 

76 

42 

0 

4 

2 

1 

1 

1 

0 

32 

9 

16 

7 

0 

0 

o 
o 

2 

2 

0 

0 

33 

17 

16 

0 

0 

2 

1 

1 

1 

0 

0 

5 

3 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

53 

33 

29 

7 

4 

0 

343 

278 

51 

14 

0 

13 

13 

3 

10 

3 

0 

302 

21 

264 

17 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NOTE  S&E  =  science  and  engineering. 

SOURCE:  Science  Resources  Studies  Diviaion.  National  Science  Foundation,  unpublished  tabulations  from  the  Completion  Survey  conducted  by  the  National  Center  tor  Education  Statistics. 

See  ligure  2-1  and  text  table  2- 1  ^'^'^"'^^  «  Engmeenng  Indicators  -  1991 
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Appendix  table  2-4. 

Baccalaureate  institutions  of  1985-90  doctorate  recipients,  by  Carnegie  classification  and  field  of  doctorate 


Field  of  doctorate 


Other 
doctorate- 
Research  granting 
Total         universities*  universities' 


Comprehensive 
institutions' 


Liberal  arts  Specialized 
college*"'  schools 


Percent 


100 

40 

25 

20 

14 

2 

100 

38 

25 

21 

15 

1 

100 

37 

22 

24 

16 

2 

100 

40 

23 

19 

16 

2 

100 

46 

25 

17 

10 

3 

100 

42 

27 

14 

15 

1 

100 

47 

29 

17 

7 

0 

100 

41 

24 

20 

15 

1 

100 

32 

26 

25 

16 

1 

100 

36 

25 

21 

17 

1 

100 

53 

28 

11 

4 

4 

'Includes  research  I  and  II  universities. 
^Includes  doctorate'grant.ng  I  and  II  universities. 
^Includes  comprehensive  I  and  II  institutions. 
Includes  liberal  arts  I  and  II  colleges. 

SOURCE;  Science  Resources  Studies  Division.  National  Science  Foundation.  Undergraduate  Origins  of  P^cent  Science  and  Engineering 
Doctorate  Recipients,  special  report  (Washington,  DC:  NSF,  forthcoming). 

Science  &  Engineering  Indicators  -  1991 
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Appendix  table  2-5. 

Selected  characteristics  of  American  college  freshmen:  1971-90 

(page  1  of  7) 


1971    1972    1973    1974    1975    1976    1977    1978    1979    1980    1981     1982    1983    1984    1985    1986    1987    1988    1989  1990 


Freshmen  planning  to  major  in  science  and  engineering  fields 


Average  grade  in  high  school 

AorA+   11.1  12.3  15.3  16.1  16.6  17.9  16.5  19.6  18.6 

A-   15.2  16.6  16.7  18.6  18.3  19.2  17.3  19.8  18.1 

B+   23.0  24.8  26.1  24.3  24.1  24.7  23.3  22.3  21.3 

B   24.1  24.3  22.9  22.3  21.9  21.5  22.8  20.9  22.0 

B-   13.1  11.1  10.5  9.4  10.0  8.7  10.0  8.9  9.9 

C+   9.0  7.5  5.5  6.1  5.7  5.4  6.6  5.6  6.8 

C   4.2  3.3  2.9  3.0  3.3  2.5  3.3  2.8  3.2 

D   0.2  0.1  0.1  0.1  0.1  0.1  0.1  0.1  0.1 


Percent 


18.8 
18.3 
21.3 
22.0 
9.5 
6.5 
3.4 
0.1 


18.1 
17.6 
22.1 
22.2 
10.2 
6.4 
3.2 
0.1 


18.5 
17.2 
22.1 
22.1 
9.9 
6.9 
3.1 
0.1 


18.8 
17.6 
22.1 
21.2 
9.7 
7.1 
3.4 
0.2 


18.3 
17.3 
22.1 
21.7 
10.0 
6.8 
3.7 
0.2 


20.3 
19.7 
21.9 
20.4 
8.9 
5.4 
3.2 
0.1 


21.P 
19.^ 
20.8 
19.4 
9.4 
6.3 
30 
0.1 


21.8 
17.5 
21.6 
18.1 
11.6 
5.2 
3.9 
0.1 


20.8 
18.9 
20.1 
20.7 
9.7 
6.5 
3.2 
0.2 


20.2 
19.3 
20.6 
21.6 
9.7 
6.0 
2.5 
0.1 


19.8 
18.9 
20.7 
21.1 
10.1 
6.4 
3.0 
0.1 


I  m 


ii 

I  S 
i  I 

■  CD 


Father's  education 

Grammar  school  or  less,  .  .  . 

Some  high  school   

High  school  graduate  

Postsecondary  (not  college) . 

Some  college  

College  degree  

Some  graduate  school  

Graduate  degree  

Mother's  education 

Grammar  school  or  less.  .  .  . 

Some  high  school  

High  school  graduate  

Postsecondary  (not  college). 

Some  college  

College  degree  

Some  graduate  school  

Graduate  degree  


6.7' 

6.5 

4.8 

5.2 

4.6 

4.7 

5.1 

4.1 

4.3 

4.2 

.3.6 

3.5 

3.4 

3.2 

2.8 

2.5 

2.4 

2.6 

2.4 

2.8 

12.6 

11.6 

9.5 

9.5 

9.2 

8.8 

9.0 

8.1 

8.1 

8.1 

7.5 

7.1 

7.1 

6.3 

6.0 

5.4 

5.3 

5.0 

5.1 

5.3 

27.6 

27.4 

22.3 

23.1 

23.0 

22.7 

23.5 

21.8 

22.6 

22.0 

22.8 

22.9 

22.9 

22.6 

19.8 

19.5 

19.4 

19.6 

20.3 

20.6 

NA 

NA 

4.7 

4.6 

4.3 

4.2 

4.4 

4.5 

4.3 

4.3 

4.3 

4.5 

4.8 

5.1 

5.0 

4.7 

5.0 

5.0 

5.2 

5.2 

17.5 

16.9 

15.2 

14.2 

14.1 

13.6 

13.7 

14.0 

14.0 

13.7 

13.9 

14.1 

14.2 

14.2 

13.5 

14.5 

13.9 

14.7 

14.9 

14.9 

22.4 

19.5 

21.0 

21.5 

21.9 

22.3 

21.9 

22.8 

22.1 

22.6 

22.7 

22.8 

22.5 

22.5 

22.7 

23.4 

23.3 

23.0 

24.0 

23.3 

NA 

3.3 

3.7 

3.6 

3.4 

3.8 

3.4 

3.8 

3.7 

3.5 

3.6 

3.5 

3.4 

3.8 

4.2 

4.2 

4.2 

4.0 

3.5 

3.6 

13.2 

14.7 

18.8 

18.3 

19.6 

19.8 

19.0 

20.9 

20.9 

21.6 

21.7 

21.6 

21.7 

22.4 

26.0 

25.8 

26.5 

26.2 

24.6 

24.2 

4.0 

4.0 

2.8 

3.4 

3.0 

2.9 

3.2 

2.7 

3.0 

2.7 

2.3 

2.3 

2.2 

2.1 

2.0 

1.8 

2.0 

1.9 

1.9 

2.3 

10.9 

9.6 

7.9 

8.2 

7.7 

7.5 

7.9 

6.9 

7.1 

67 

6.3 

6.0 

5.7 

5.4 

4.8 

4.3 

3.8 

4.0 

3.7 

4.1 

42.7 

42.2 

36.8 

36.7 

36.7 

36.2 

36.9 

36.0 

35.4 

34.4 

34.7 

34.0 

34.2 

32.8 

29.9 

28.1 

27.4 

26.8 

27.3 

27.2 

NA 

NA 

8.2 

8.2 

7.9 

8.0 

7.7 

7.6 

7.8 

7.5 

7.3 

8.0 

7.9 

8.3 

7.6 

8.1 

8.3 

7.7 

8.3 

7.7 

19.8 

19.7 

17.2 

16.4 

16.1 

15.9 

15.9 

16.1 

16.3 

16.9 

16.8 

16.6 

16.5 

16.9 

17.3 

18.5 

17.7 

18.5 

18.3 

18.2 

18.2 

16.5 

17.5 

18.1 

18.5 

19.1 

18.2 

19.5 

19.0 

19.7 

20.6 

20.8 

20.3 

21.0 

22.2 

22.8 

23.3 

23.2 

23.4 

23.4 

NA 

3.0 

3.3 

3.1 

3.1 

3.1 

3.0 

3.4 

3.2 

3.3 

3.4 

3.2 

3.4 

3.5 

4.3 

4.4 

4.6 

4.6 

4.1 

3.9 

4.4 

5.0 

6.3 

6.0 

6.9 

7.2 

7.1 

7.8 

8.2 

8.7 

8.7 

9.1 

9.6 

10.0 

11.9 

12.0 

13.0 

13.4 

13.1 

13.2 

Father*s  occupation 

Aftist  (including  performer). 

Businessman  

Clergy  or  religious  worker  . 

College  teacher  

t)octor  or  dentist  

[Education  (secondary).  .  .  . 
Education  (elementary)  .  . 

Erujinoer  

Farmer  or  forester  


ERLC 


0.7 

0.8 

NA 

NA 

NA 

0.9 

0.9 

0.9 

0.8 

0.8 

0.9 

0.9 

0.9 

0.9 

0.8 

0.9 

0.9 

0.9 

0.7 

30.5 

31.1 

NA 

NA 

NA 

30.3 

29.0 

29.3 

28.8 

29.1 

29.2 

29.3 

28.6 

29.0 

29.0 

30.1 

30.1 

28.9 

28.8 

1.0 

1.1 

NA 

NA 

NA 

1.3 

1.3 

1.1 

1.2 

1.3 

1.1 

1.2 

1.1 

1.0 

1.1 

1.2 

1.2 

1.1 

1.2 

1.2 

13 

NA 

NA 

r;A 

1.5 

1.5 

1.6 

1.6 

1.7 

1.5 

1.6 

1.5 

1.7 

2.0 

1.8 

1.7 

1.7 

1.5 

2.4 

2.4 

NA 

NA 

NA 

4.0 

3.3 

3.3 

3.4 

3.5 

3.6 

3.6 

3.4 

3.4 

3.8 

3.5 

3.8 

3.6 

3.3 

2.3 

2.7 

NA 

NA 

NA 

3.4 

3.4 

3.6 

3.7 

3.8 

4.0 

4.0 

4.1 

3.9 

4.2 

4.2 

4.3 

4.3 

4.3 

0.3 

0.4 

NA 

NA 

NA 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

0.9 

9.6 

10.2 

NA 

NA 

NA 

11.8 

11.3 

12.4 

11.5 

11.5 

11.4 

11.4 

11.2 

11.2 

11.9 

11.5 

11.2 

10.7 

10.4 

4.5 

3.7 

NA 

NA 

NA 

3.0 

2  3 

2.3 

2.1 

2.6 

2.6 

2.5 

2.3 

2.3 

2.3 

2.2 

2.2 

2.1 

2.4 

21: 


0.7 
27.7 
1.2 
1.3 
3.3 
4.1 
1.0 
10.0 
2.4 

(continued) 
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Appendix  table  2-5. 

Selected  characteristics  of  American  colleqe  freshmen:  1971-90 

(page  2  of  7) 


1971     1972    1973    1974    1975    1976    1977    1978    1979    1980    1981    1982    1983    1984     1985    1986    1987    1988    1989  1990 

Freshmen  planning  to  major  In  science  and  engineering  fields  

Percent 


Health  professional  (non-MD) .  . 

.  1.2 

1.1 

NA 

NA 

NA 

1.3 

1.3 

1.4 

1.4 

1-4 

1.3 

1.3 

1.3 

1.3 

1.4 

1.4 

1.4 

1.4 

1.5 

1.2 

Lawyer  

1.5 

1.7 

NA 

NA 

NA 

2.0 

2.1 

2.1 

2.2 

2.2 

2.2 

2.1 

2.2 

2.2 

2.5 

2.3 

2.4 

2.5 

2.2 

2.2 

Military  (career)  

27 

2.5 

NA 

NA 

NA 

2.7 

2.9 

2.9 

2.8 

2.9 

2.8 

2.7 

2.5 

2.5 

2.2 

2.7 

2.4 

2.4 

2.6 

2.4 

Research  scientist  

1.1 

1.1 

NA 

NA 

NA 

1.3 

1.1 

1.2 

1.1 

1.2 

1.1 

1.0 

1.0 

1.1 

1.4 

1.2 

1  2 

1.1 

1.0 

0.9 

Skilled  worker  

11.4 

11.6 

NA 

NA 

NA 

9.6 

10.1 

9.7 

9.8 

9  5 

10.1 

9.7 

9.3 

9.6 

8.3 

8.3 

8.6 

8.9 

9.1 

9.0 

Semi-skilled  worker  

7.0 

6.5 

NA 

NA 

NA 

4.7 

5.4 

4.4 

4.7 

4.5 

4.1 

4.2 

4.7 

4.2 

3.8 

3.5 

3.4 

3.7 

3.8 

3.9 

Laborer  (unskilled)  

3.2 

3.4 

NA 

NA 

NA 

2.7 

2.7 

2.6 

2.9 

2.7 

2.5 

2.5 

2.5 

2.4 

2.5 

2.3 

2.0 

2.2 

2.2 

2.7 

Unemployed  

1.1 

1.7 

NA 

NA 

NA 

1.9 

1.9 

1.9 

1.8 

2.0 

1.5 

1.7 

2.6 

2.1 

2.2 

2.1 

1.7 

1.9 

2.1 

2.2 

Other  

18.1 

16.7 

NA 

NA 

NA 

17.0 

18.9 

18.7 

19.5 

18.9 

19.4 

19.5 

20.1 

20.5 

197 

20.0 

20.5 

21.6 

21.9 

23.7 

Mother*s  occupation 

1.7 

Artist  (including  performer) .... 

0.9 

0.9 

NA 

NA 

NA 

1.4 

1.5 

1.4 

1.5 

1.4 

1.6 

1.6 

1.7 

1.7 

1.9 

1.9 

1.8 

1.9 

1.7 

Businesswoman  

4.6 

5.5 

NA 

NA 

NA 

6.3 

6.6 

7.6 

7.8 

8.7 

9.7 

10.1 

10.3 

11.3 

12.9 

13.6 

14.3 

14.5 

14.6 

13.9 

Business  (clerical)  

8.7 

11.0 

NA 

NA 

NA 

9.7 

9.5 

9.9 

10.0 

10.7 

10.8 

10.6 

10.6 

10.7 

9.9 

10.8 

10.4 

9.8 

10.3 

9.8 

Clergy  or  religious  worker  

0.1 

0.1 

NA 

NA 

NA 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

College  teacher  

0.4 

0.4 

NA 

NA 

NA 

0.6 

0.6 

0.5 

0.5 

0.5 

0.6 

0.5 

0.6 

0.6 

0.7 

0.6 

0.7 

0.7 

0.7 

0.7 

Doctor  or  dentist  

0.1 

0.1 

NA 

NA 

NA 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4 

0.7 

0.5 

0,5 

0.6 

0.5 

0.6 

Education  (secondary)  

2.6 

3.1 

NA 

NA 

NA 

3.5 

3.4 

3.5 

3.6 

3.9 

4.3 

4.4 

4.0 

4.2 

4.9 

5  0 

5.2 

5.3 

5.2 

5.2 

Education  (elementary)  

4.9 

5.1 

NA 

NA 

NA 

6.6 

6.6 

6.7 

6.5 

6.9 

7.1 

7.1 

6.6 

6.5 

7.2 

7.4 

7.8 

7.9 

8.1 

8.0 

Engineer   

0.1 

0.0 

NA 

NA 

NA 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Farmer  or  forester  

0.1 

0.2 

NA 

NA 

NA 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.2 

0.2 

0.3 

0.4 

Health  professional  (non-MD).  . 

1.1 

1.2 

NA 

NA 

NA 

1.7 

1.7 

1.6 

1.8 

1.9 

2.0 

1.9 

2.1 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.3 

Homemaker  (full-time)  

52.5 

35.5 

NA 

NA 

NA 

35.2 

32.3 

32.0 

29.8 

28.0 

23.4 

22.8 

25.0 

23.6 

21.4 

19.9 

17.7 

16.7 

15.7 

14.4 

Lawyer  

0.1 

0.1 

NA 

NA 

NA 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

Nurse  

4.5 

4.7 

NA 

NA 

NA 

6.6 

6.7 

6.6 

6.9 

6.9 

7.6 

8.2 

7.5 

7.4 

7.6 

7.7 

8.0 

7.9 

8.0 

7.0 

Research  scientist  

0.1 

0.1 

NA 

NA 

NA 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.2 

0.3 

0.s3 

U.2 

Social/welfare  worker  

0.8 

1.0 

NA 

NA 

NA 

1.3 

1.4 

1-3 

1.6 

1.4 

1.4 

1.5 

1.4 

1.6 

1.5 

1,6 

1 .6 

1 .8 

1 .6 

1 .7 

Skilled  worker  

1.3 

1.8 

NA 

NA 

NA 

1.6 

1.7 

1.8 

1.7 

1.8 

1.8 

1.9 

1 .7 

2.0 

1 .9 

1.9 

2.2 

2.0 

2.2 

o  o 

o.  o 

MA 

MA 

MA 

0  Q 

O.  1 

P  Q 

3.1 

3.1 

2.8 

2.8 

2.5 

2.5 

2.4 

2.8 

2.7 

Laborer  (unskilled)  

1.4 

1.8 

NA 

NA 

NA 

1.7 

2.0 

1.8 

1.9 

1.9 

2.0 

1.8 

1.9 

1.6 

1.7 

1.6 

1.5 

1.6 

1.5 

1.7 

Unemployed  

3.3 

11.8 

NA 

NA 

NA 

8.0 

8.2 

7.8 

7.5 

7.4 

7.4 

7.0 

6.3 

5.9 

5.8 

5.5 

5.6 

5.3 

4.9 

5.2 

Other  

9.6 

12.3 

NA 

NA 

NA 

12.1 

13.9 

13.7 

14.6 

14.6 

16.1 

16.2 

15.8 

16.3 

15.6 

15.9 

16.8 

18.0 

18.4 

20.4 

Student  s  probable  career 

Accountant  or  actuary  

0.5 

0.6 

NA 

NA 

NA 

0.4 

0.4 

0.4 

0.3 

0.4 

0.3 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4 

0.5 

0.6 

0.7 

Architect  

0.2 

03 

NA 

NA 

NA 

0.4 

0.5 

0.4 

0.4 

0.4 

0.4 

0.4 

0.3 

0.4 

0.3 

0.3 

0.4 

0.4 

0.4 

0.4 

Dusinoss  (management)  

1.3 

1.2 

NA 

NA 

NA 

1.5 

1.5 

1.8 

1.9 

1.8 

2.0 

2.0 

2.2 

2.2 

3.0 

2.8 

2.7 

2.6 

2.3 

2.0 

Clinical  psychologist  

.  4.8 

4.6 

NA 

NA 

NA 

3.8 

3.8 

3.8 

4.3 

3.7 

3.5 

3.2 

3.4 

4.2 

4.3 

5.3 

6.7 

6.4 

5.8 

5.5 

College  teacher  

.  1.0 

0.9 

NA 

NA 

NA 

0.4 

0.4 

0.2 

0.3 

0.2 

0.3 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.5 

Computer  programmer  

.  2.6 

2.6 

NA 

NA 

NA 

3.4 

4.1 

5.7 

6.8 

9.0 

12.4 

15.2 

14.4 

10.6 

7.1 

5.9 

5.3 

4.9 

4.9 

4.7 

Conservationist  or  forester .  .  .  . 

.  1.1 

1.4 

NA 

NA 

NA 

1.7 

1.7 

1.3 

1.3 

1.0 

1.0 

0.6 

0.5 

0.5 

0.5 

0.6 

0.5 

0.6 

0.9 

0.9 
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1971     1972    1973    1974    1975    1976    1977    1978    1979    1980    1981     1982    1983    1984    1985    1986    1987    1988    1989  1990 


Freshmen  planning  to  major  in  science  and  engineering  fields 


Student's  probable  major 


Highest  degree  planned 

None  


Doctorate  

Professional  (e  g  .  MD.  DDS) 
law  


Percent 

16.6 

18.0 

NA 

NA 

NA 

22,5 

27.3 

27.8 

29.0 

O  1 .  1 

33.2 

31.2 

30.4 

30,7 

29.7 

28.6 

26.2 

28.1 

27.6 

0.2 

0.3 

NA 

NA 

NA 

0.3 

0.3 

0.2 

0.4 

n  '5 

n 

0.3 

0.3 

0.3 

0.2 

0.2 

0.1 

0.1 

0.2 

0.1 

1.2 

1.2 

NA 

NA 

NA 

1.3 

1.4 

1.4 

1.4 

1  R 

1  '5 

1.4 

1.6 

2.0 

3.1 

2.9 

3.1 

3.3 

2.7 

2.4 

4.2 

5,4 

NA 

NA 

NA 

8.5 

9.0 

8.1 

7.9 

7  Q 

/  ,o 

7  '5 

7.1 

6.7 

6.9 

7.1 

7.0 

8.2 

9.9 

9.4 

9.7 

3.6 

4.3 

NA 

NA 

NA 

2.8 

3.3 

3.7 

3.8 

'5  '5 

O.O 

2.5 

3.4 

3.8 

2.9 

4.3 

3.2 

2.3 

2.4 

2.3 

0.1 

0.1 

NA 

NA 

NA 

0.4 

0,3 

0.3 

0.2 

n  9 

n  '5 

0.3 

0.2 

0.2 

0.1 

0.1 

0.2 

0.1 

0.2 

0.2 

2.0 

3.1 

NA 

NA 

NA 

10.7 

5.8 

6.1 

6.1 

R  1 

D.  1 

R  n 

6.5 

7.0 

7.0 

8.0 

6.8 

7.0 

6.8 

5.9 

6.7 

1.2 

0.9 

NA 

NA 

NA 

0.7 

0,7 

0.4 

0.6 

0.4 

0.6 

0.4 

0.5 

0.5 

0.5 

0.7 

0.7 

0.8 

0.7 

0.8 

9.8 

9.4 

NA 

NA 

NA 

9.0 

8,9 

8.3 

7.0 

R  9 

0.0 

5.0 

5.2 

5.4 

5.7 

5.8 

5.8 

6.0 

6.1 

5.8 

9.8 

8,8 

NA 

NA 

NA 

6.8 

6.9 

6.2 

5.8 

4.9 

4.0 

2.9 

2.8 

3.1 

3.1 

3.2 

3.4 

3.8 

3.1 

3.1 

0.4 

0.4 

NA 

NA 

NA 

0.3 

0,3 

0.3 

0.2 

n  9 

n  1 

0.2 

0.3 

0.2 

0.3 

0.3 

0.2 

0.2 

0.2 

0.2 

0.4 

0.4 

NA 

NA 

NA 

0,4 

0.5 

0.4 

0.5 

n  A 

n  4 

0.4 

0.5 

0.5 

0.5 

0.6 

0.7 

0.8 

0.8 

0.8 

1,8 

1.5 

NA 

NA 

NA 

0,2 

0.3 

0.2 

0.1 

n  1 

n  1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.3 

0.3 

0.3 

0.4 

6.7 

5.0 

NA 

NA 

NA 

1.3 

1.0 

0.8 

0.7 

n 

U.D 

n  R 

0.6 

0.8 

1.2 

1.4 

1.3 

1.3 

1.4 

1.4 

1.4 

0,5 

0.6 

NA 

NA 

NA 

2.2 

1.3 

1.2 

1.1 

1  n 

1.0 

0.9 

1.0 

0.9 

1.0 

1.0 

0.9 

0.8 

0.9 

0.4 

0.3 

NA 

NA 

NA 

0.3 

0.2 

0.2 

0.2 

n  'x 

n  9 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

0.5 

0.4 

0.4 

0.5 

0.4 

NA 

NA 

NA 

0.2 

0.3 

0,4 

0.3 

n  'x 

n  '5 

02 

0.2 

0.3 

0.2 

0.2 

0.2 

0.3 

0.3 

0.4 

7,0 

6.7 

NA 

NA 

NA 

5.2 

5.9 

5,8 

5.8 

5.4 

5.4 

4.7 

4.8 

5.4 

5.5 

5.9 

6.4 

7.2 

8.5 

9.1 

17.6 

16.9 

NA 

NA 

NA 

9.1 

8.8 

9.9 

8.8 

Q  Q 

O.O 

R  1 

7.5 

8.0 

8.7 

8.8 

9.2 

9.1 

8.9 

8.9 

9.0 

14.5 

16.7 

26.7 

24.9 

24.3 

24.9 

19.1 

18,2 

16.4 

1  /I  Q 

14  R 

13.7 

14.8 

15.6 

14.8 

15.7 

15.7 

15.4 

15.1 

16.1 

21.2 

22.3 

17.4 

23.1 

25.9 

26.3 

31.9 

33.0 

34.9 

n 

'5R  4 

37.7 

35.8 

35.3 

35.7 

34.8 

33.4 

30.4 

32.8 

32.3 

12.1 

10.0 

6.9 

5.9 

4.6 

4.3 

3.9 

4.0 

3.1 

'x  n 

'5  1 
O.  1 

3.0 

3.6 

3.7 

3.6 

3.3 

3.1 

2.7 

2.8 

2.8 

2.3 

2.5 

1.5 

2.3 

2.4 

2.8 

3.2 

4.8 

6.2 

O.D 

19  4 

15.4 

15.3 

11.1 

7.9 

6.5 

5.8 

5.4 

5.5 

5.5 

8.8 

8.4 

10.4 

10.1 

10.5 

10.6 

9.7 

9.7 

90 

7  7 

7  Q 

6.8 

6.8 

6.8 

7.1 

6.9 

6.5 

6.6 

6.6 

6.7 

25.9 

25.7 

25.1 

22.8 

21.7 

21.5 

22.4 

20.6 

20.2 

1  Q  7 

1  R  R 
1  D.O 

14.9 

14.8 

16.7 

19.0 

19.0 

20.5 

23.2 

21.5 

21.5 

15.3 

14  5 

12.0 

11.0 

10.6 

9.5 

9.8 

9.7 

10.3 

Q  1 

R  R 
0.0 

8.4 

8.9 

10.8 

11.8 

13.8 

15.0 

16.2 

15.6 

15.1 

2,3 

2.5 

1.5 

2.3 

2.4 

2.8 

3.2 

4.8 

6.2 

8.6 

12.4 

15.4 

15.3 

11.1 

7.9 

6.5 

5.8 

5.4 

5.5 

5,5 

NA 

1.0 

NA 

1.0 

1.1 

1.0 

0.8 

0.7 

0.5 

0.9 

0.7 

0.7 

1.2 

0.9 

1.1 

1.1 

1.1 

0.9 

0.6 

0.7 

NA 

0.6 

NA 

0.5 

0.5 

0.4 

0.8 

0.7 

1.0 

0.7 

0.7 

1.1 

0.5 

0.5 

0.3 

0.3 

0.2 

0.3 

0.3 

0.3 

NA 

31.3 

NA 

24.6 

22.8 

22.7 

23.8 

25.1 

24.2 

26.0 

26.8 

27.4 

25.5 

24.9 

22.5 

22.2 

20.4 

18.0 

18.9 

18.5 

NA 

36.9 

NA 

29.7 

31.4 

31.8 

34.5 

35.6 

37.3 

36.1 

3-7.1 

36.6 

36.8 

36.7 

36.5 

37.7 

37.5 

37.1 

38.1 

37.1 

NA 

19.4 

NA 

18.6 

18.7 

18.5 

20.6 

19.5 

19.0 

18.0 

17.4 

16.8 

18.0 

19.5 

21.8 

22.5 

23.3 

24.9 

24.6 

24.6 

NA 

4.8 

NA 

16.3 

15.6 

15.6 

9.1 

9.3 

9.4 

9.4 

9.1 

9.3 

9.7 

9.6 

10.3 

9.0 

9.1 

8.9 

8.2 

9.1 

NA 

5.1 

NA 

8.2 

8.5 

8.5 

8.8 

7.8 

l.b 

7.4 

7.0 

6.8 

6.4 

6.3 

6.7 

6.1 

7.4 

8.8 

8.4 

8.6 

NA 

0.3 

NA 

0.3 

0.4 

0.4 

0.3 

0.3 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4 

0.2 

0.2 

0.2 

0.3 

0.2 

0.3 

NA 

0.7 

NA 

0.9 

1.0 

1.1 

1.2 

1.0 

0.9 

1.3 

1.0 

0.9 

1.5 

1.1 

0.7 

0.7 

0.7 

0.8 

0.8 

0.8 
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1971     1972    1973    1974    1975    1976    1977    1978    1979    1980    19PI     1982    1983    1984     1985    1986    1987    1988    1989  1990 


Freshmen  planning  to  major  in  non-science/englneering  fields 


Percent 


Average  grade  in  high  school 

AorA+   7.0 

A-   11.5 

B+   20.4 

B   25.9 

B-   16.0 

Cf   12.1 

C   6.9 

D   0.2 

Father's  education 

Gmmmar  school  or  less   7.2 

Sorr.e  high  school    13  4 

High  school  graduate   28.1 

Postsecondary  (not  college) ....  NA 

Some  ( ollege   17.9 

College  degree   21.2 

Some  graduate  school    NA 

Graduate  degree    12.1 

Mother's  education 

Grammar  school  or  less   4  0 

Some  high  school   112 

Htgh  school  graduate   43  5 

Poslsocondary  (not  college) .  ...  NA 

Some  college   19.7 

College  degree   18  0 

Some  graduate  school   NA 

Graduate  degree   3.6 

Father's  occupation 

Artist  (including  performer)   0.8 

Businessman   33.0 

Clergy  or  religious  worker   1 .2 

College  teacher   1.0 

(.Victor  or  dentist    2.5 

Education  (secondary)    2.7 

Education  (clemenlary)   0.4 

Engine  or   7.0 

Karmer  or  forester   5.7 

Health  professional  (non-MD) ...  1.5 


8.6 
14.5 
22.2 
26.9 
12.5 
10.0 

5.1 


6  3 
1?.7 
27.5 

NA 
17.4 
19.5 

3.1 
13.6 


37 
10.4 
41.9 

NA 
20.1 
16.4 

2  5 

4.9 


0  8 
33.2 
1.2 
1.1 
2.7 
2.8 
0.5 
7.4 
5  2 
1.5 


9.3 
11.8 
23.8 
28.4 
13.4 
7.6 
5.5 


0.3  0.1 


5.4 
10.4 
26.3 

4.8 
15.9 
20.4 

2.5 
14.3 


3.0 
8.4 
39.7 
8  1 
16.4 
172 
26 
4.5 


NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 


8.7 
13.5 
21.9 
28.3 
12.6 
9.3 
5.3 
0.3 


5.9 
10.9 
26.4 

4.5 
15.5 
20.2 

2.4 
14.1 


3.5 
9.2 
39.1 
8.1 
16  2 
16.8 
2.4 
4.7 


NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 


9.5 
13.; 
22.5 
26.6 
13.4 

9.0 


5.4 
11.4 
26.5 

4.6 
13.8 
20.4 

2.6 
15.3 


3.1 
8.5 
40.2 
7.1 
16.1 
17  1 
2.3 
5.5 


NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 


10.5 
14.5 
23.9 
27.2 
11.8 
7.9 


5.3  4.1 


10.3 
13.4 
23.1 
27.0 
11.8 
8.8 
5.3 


12.3 
15.9 
23.1 
24.9 
11.6 
8.1 


10.7 
14.1 
20.8 
26.4 
12.5 
9.8 


4.0  5.4 


5.7 
10.8 
26.0 

4.2 
14.1 
21.4 

2.8 
15.1 


3.3 
8.8 
389 
8.1 
15.6 
17.9 
2.1 
5.3 


1  C 
33.C 
1.5 
1.1 
3.1 
3.3 
0.5 
7.9 
4.8 
1.1 


5.7 

9.9 
27.9 

4.1 
14.1 
20.6 

2.5 
15.1 


3.2 
8.8 
40.7 
7.4 
15.2 
16.8 
2.2 
5.6 


0.7 
32  5 
13 
1.2 
2.6 
2.9 
0.6 
8.0 
3.9 
1.3 


5.0 

9.1 
25.6 

4.2 
14.9 
22.5 

2.6 
16.1 


3.1 
8.2 
39.5 
7.0 
15.8 
17.6 
2.5 
6.3 


0.9 
33.5 
1.5 
11 
3.1 
3.0 
0.8 
8.6 
3.5 


4.6 

9.9 
25.7 

3.7 
14.0 
22.9 

2.8 
16.3 


2  7 
8.5 
38.6 
7.4 
15.8 
17.8 
2.7 
6.5 


0.9 
34.0 
1.3 
0.9 
2  7 
3.8 
0.5 
8  0 
34 


10.1 
14.2 
21.8 
27.1 
11.6 
9.8 
5.1 


0.1       0.1       0.3      0.1       0.2  0.3 


1.8  1.4 


4.9 

9.2 
25.9 

4.3 
14.0 
21.6 

3.1 
17.1 


3.0 
7.1 
38.9 
6.9 
17.2 
18.0 
2.4 
6.4 


1.0 
32.9 
1.4 
1.0 
3.0 
3.3 
0.6 
7  7 
3.8 
1.3 


10.6 
13.4 
21.1 
26.8 
13.6 
9.5 


0.2 


4.3 

8.5 
26.5 

3.6 
14.6 
22.3 

2.8 
17.4 


25 
6.4 
39.1 
7.1 
16.9 
18.5 
2.4 
7.1 


0.9 
33.3 
1.4 
12 
2.8 
3.5 
0.6 
8.1 
4.7 


10.7 
13.6 
21.8 
26.6 
13.0 
9.6 


10.9 
12.4 
21.0 
25.1 
13.5 
11.3 


0.2  0.2 


4.4 

8.2 
25.6 

4.1 
13.7 
22.7 

2.6 
18.6 


6  7 
38.2 

6.8 
16.4 
192 

2.6 

7.6 


1.0 
33.4 
1.1 
1.1 
3.2 
3.5 
0.7 
7.4 
4.2 


4.1 

8.5 
25.2 

4.1 
15.0 
22.0 

2.8 
18.3 


2.2 
6.9 
36.5 
7.4 
17.4 
18.9 
2.5 
8.1 


1.1 
33.2 
1.0 
1.1 
3.0 
3.8 
0.7 
7.4 
3.7 


10.8 
12.1 
20.0 
25.5 
13.6 
11.5 


4.8      4.6      5.6  6.2 


0.2 


4.6 

7.9 
25.8 

4.6 
13.9 
22.6 

2.5 
18.1 


2.3 
6  1 
36.6 
8.2 
16.1 
19.4 
2.7 
8.5 


1.0 
31.6 
1.0 
1.0 
2.8 
3.8 
0.8 
7.9 
4.1 


10.4 
13.2 
21.5 
25.0 
12.6 
11.3 
5.8 


1.3      1.4      1.4  1.3 


3.6 

7.6 
23.7 

4.4 
14.8 
22.5 

3.2 
20.2 


2.2 
6.4 
33.2 
7.2 
18.1 
20.7 
3  3 
8.9 


1.0 
32.8 
1.0 
1.3 
2.8 
4.0 
0.7 
8.1 
4.6 
1.3 


11.8 
13.4 
20.2 
25.5 
13.7 
10.2 


11.4 
13.1 
21.3 
23.4 
15.7 
8.2 


12.5 
13.7 
20.8 
23.5 
14.0 
9.9 


0.2      0.1       0.2  0.2 


2.9 

6.7 
23.6 

4.6 
15.3 
22.6 

3.1 
21.2 


^9 

5.0 
32.0 

8.0 
18.6 
21.2 

3.3 
10.1 


0.8 
35.0 
1.3 
1.0 
3.2 
3.8 
0.9 
7.4 
2.9 
1.3 


2.5 

5.4 
24.1 

4.5 
14.2 
23.6 

3.4 
22.3 


1.9 

4.2 
31.4 

8.3 
18.2 
217 

3.4 
11.0 


1.0 
34.6 
0.9 
1.2 
3.1 
4.2 
0.8 
7.6 
2.9 
1.4 


2.8 

5.7 
23.7 

4.5 
15.3 
23.2 

3.2 
21.5 


2.3 

4.3 
31.1 

7.8 
18.2 
21  7 

3.5 
11.2 


1.0 
33.3 
1.0 
1.2 
3.1 
4.2 
1.0 
7.2 
29 
1.5 


12.4 
15.2 
20.4 
25.7 
13.1 
8.7 


5.0      6.6      5.4  4.3 


0.2 


2.4 

5.6 
23.7 

5.0 
14.9 
23.9 

3.1 
21.5 


1.7 

4.2 
30.3 

7.9 
18.3 
22.7 

3.7 
11.2 


1.0 
32.6 
1.1 
1.0 
3.0 
4.2 
1.0 
7.5 
2.9 
1.1 


11.3 
14.8 
20.6 
25.3 
13.4 
10.0 
4  5 
0.1 


3.5 

5.5 
24.7 

4.9 
15.7 
23.1 

2.6 
20.0 


2.5 

4.2 
30.9 

7.8 
18.1 
22.4 

3.2 
11.0 


0.8 
30.1 
1.4 
0.9 
2.8 
4.2 
1.1 
7.1 
3.3 
1.1 
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1971    1972    1973    1974    1975    1976    1977    1978    1979    1980    1981     1982    1983    1984    1985    1986    1987    1988    1989  1990 


Freshmen  planning  to  major  in  non-science/engineering  fields 


Percent 


Lawyer 


Skilled  worker  .... 
Semi-skilled  worker 


1.5 

1.7 

NA 

NA 

NA 

2.0 

1.7 

1.8 

1.7 

1.9 

2.0 

2.2 

2.2 

2.0 

2.1 

2.3 

2.5 

2.3 

2.4 

2.1 

1.9 

1.8 

NA 

NA 

NA 

2.0 

1.9 

1.8 

1.6 

1.7 

1.8 

1.7 

2.2 

1.3 

1.3 

2.0 

1.6 

1.5 

1.8 

1.7 

0.8 

0.7 

NA 

NA 

NA 

0.6 

0.6 

0.7 

0.7 

0.6 

0.7 

0.6 

0.7 

0.5 

0.6 

0.6 

0.7 

0.7 

0.5 

0.5 

10.9 

10.6 

NA 

NA 

NA 

8.9 

9.6 

8.7 

9.4 

9.9 

9.0 

9.0 

8,8 

9.2 

7.6 

7.7 

7.9 

9.0 

8.7 

9.0 

6.6 

5.5 

NA 

NA 

NA 

5.0 

5.3 

4.3 

4.9 

4.5 

4.0 

3.8 

4.2 

4.2 

3.9 

3.3 

3.2 

3.1 

3.3 

3.7 

3.1 

3.6 

NA 

NA 

NA 

3.3 

3.2 

2.8 

3.0 

2.9 

2.5 

2.9 

2.9 

2.6 

3.1 

2.3 

2.3 

2.6 

2.7 

2.7 

1.1 

1.8 

NA 

NA 

NA 

1.9 

2.0 

2.1 

1.9 

2.2 

1.7 

2.0 

2.7 

2.3 

2.4 

2.3 

1.9 

1.9 

2.0 

2.3 

18.4 

17.9 

NA 

NA 

NA 

19.1 

20.6 

20.3 

20.0 

20.3 

20.5 

20.9 

20.0 

22.6 

21.6 

21.9 

22.2 

22.3 

23.1 

25.3 

Co 

I 

Q. 

s 

:  I 


Mother's  occupation 


Artist  (including  performer) .... 

0.9 

0.9 

NA 

NA 

NA 

1.3 

1.3 

1.4 

Businesswoman  

4.6 

5.5 

NA 

NA 

NA 

6.2 

7.4 

7.4 

Business  (clerical)  

9.4 

11.0 

NA 

NA 

NA 

9.9 

10.7 

10.4 

Clorqy  or  religious  worker  

0.0 

0.1 

NA 

NA 

NA 

0.1 

0.1 

0.1 

College  teacher  

05 

0.4 

NA 

NA 

NA 

0  4 

0.4 

0.3 

Doctor  or  dentist   

0.1 

0.2 

NA 

NA 

NA 

0.1 

0.2 

0.2 

Tdiication  (secondary)  

2.5 

3.2 

NA 

NA 

NA 

3.0 

2.7 

3.0 

Education  (elementary)  

4.8 

5.4 

NA 

NA 

NA 

6.1 

6.0 

6.5 

Engineor  

0.1 

00 

NA 

NA 

NA 

0.1 

0.0 

0.1 

Farnior  or  forester  

0.1 

0.2 

NA 

NA 

NA 

0.1 

0.1 

0.1 

Healtii  professional  (non-MD) .  . 

1.2 

1.2 

NA 

NA 

NA 

1.6 

1.5 

1.4 

Honiemaker  (full-time)  

53.0 

36.6 

NA 

NA 

NA 

36.5 

32.7 

33.0 

Lawyer  

0.0 

0.1 

NA 

NA 

NA 

0.1 

0.1 

0.1 

Nurfic  

4.1 

4  9 

NA 

NA 

NA 

6.2 

6.0 

6.4 

Research  scientist  

0.0 

0.0 

NA 

NA 

NA 

0.1 

0.1 

0.0 

SociarwGlfaro  worker  

0.7 

0.9 

NA 

NA 

NA 

0.9 

1.2 

1.0 

Skilled  worker  

1.2 

1.6 

NA 

NA 

NA 

1.3 

1.5 

1.6 

Semi* ski Ikid  worker  

2  4 

2.5 

NA 

NA 

NA 

2.7 

3.0 

2.7 

I  nhoror  (unskilled)  

1,5 

1.8 

NA 

NA 

NA 

1.9 

19 

1.8 

Unemployed  

2.9 

105 

NA 

NA 

NA 

8.5 

7.8 

7.8 

Other 

10.0 

i3.1 

NA 

NA 

NA 

12.8 

15.3 

14.6 

1.3 

1.4 

1.6 

1.7 

1.8 

1.3 

1.8 

1.8 

1.8 

2.0 

1.8 

1.6 

8.1 

8.6 

10.5 

9.7 

10.7 

11.7 

13.5 

14.7 

14.8 

14.4 

13.9 

14.4 

10.8 

11.5 

11.5 

11.4 

11.6 

11.9 

11.3 

11.3 

12.1 

10.8 

11.0 

10.0 

0.2 

0.1 

0.1 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.3 

0.4 

0.5 

0.4 

0.4 

0.5 

04 

0.3 

0.4 

0.5 

0.5 

0.6 

0.1 

0.2 

0.2 

0.3 

0.2 

0.3 

0.4 

0.6 

0.4 

0.6 

0.4 

0.6 

3.2 

3.1 

3.7 

4.1 

3.2 

3.8 

3.8 

4.3 

4.4 

4.5 

4.8 

4.6 

6.3 

5.8 

6.1 

6.7 

6.0 

6.2 

6.5 

6.9 

7.8 

8.0 

8.2 

7.9 

0,1 

0.0 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.4 

0.2 

0.3 

0.4 

0.1 

0.3 

0.3 

0.3 

0.3 

1.5 

1.8 

1.6 

1.7 

2.2 

1.8 

2.0 

1.8 

1.7 

2.0 

2.4 

2.2 

30.0 

28.4 

24.6 

23.0 

24.9 

24.0 

22.0 

19.6 

18.0 

17.4 

15.9 

15.5 

0.1 

0.1 

0.2 

0.1 

0.2 

0,2 

0.4 

0.2 

0.3 

0.3 

0.4 

0.4 

6.5 

6.7 

7.3 

7.1 

7.8 

8.1 

7.9 

7.0 

6.8 

7.2 

7.6 

8.0 

0.0 

0.1 

0.1 

0.1 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0,1 

1.2 

1.0 

1.4 

1.3 

1.1 

1.3 

1.3 

1.4 

1.5 

1.4 

1.4 

1.4 

1.6 

1.7 

1.5 

1.8 

1.9 

1.8 

1.6 

1,7 

2.1 

1.9 

2.2 

1.8 

27 

3.2 

2.7 

3.0 

2.9 

2.5 

2.3 

2.0 

2.2 

2.1 

2.3 

2,7 

2.1 

2.2 

1.8 

2.0 

1.8 

1.6 

1.6 

1.5 

1.4 

1.8 

1.5 

1,6 

8.3 

7.7 

7.8 

8.0 

6.3 

5.9 

5.7 

6.2 

5,5 

5.3 

5.3 

5.2 

15.5 

15.8 

16.6 

17.0 

16,3 

16.4 

16.8 

17.8 

18.2 

19.2 

19.7 

20.8 

Student's  probable  career 

Accountant  or  actuary   4  1  3.7  NA  NA  NA  7.8  8.5  8.5  7  9  8.6  8.3  8.2  8.2  9.3  9.6  7.9  7.9  7.9  8.0  7.1 

Architect    1G  17  NA  NA  NA  15  1.6  1.9  1.6  1.6  1.0  1.1  1.0  1.3  1.2  1.4  1.3  1.5  1.8  1.6 

EiusinOHSl  management)   5  7  5.9  NA  NA  NA  9.8  11.3  12.3  13.2  13.3  14.4  14.1  15.4  16.8  16.9  17.8  17.7  16.9  15.8  13.5 

CImical  psychologist   0  1  0  1  NA  NA  NA  0.1  0.1  0.1  0.1  0.1  0.1  U.I  0.1  0.2  0.1  0.2  0.2  0.2  0.2  0.2 

(Aille()(;  toacher   0.9  0.8  NA  NA  NA  0.6  0.5  0.4  0.3  0.3  0.2  0.3  0.4  0.4  0.3  0.4  0.4  0.4  0.6  0.4 

Computer  procirarnmer    0  4  0  4  NA  NA  NA  1.0  1.3  1.6  2A  3.1  3.6  4.8  4.7  3.1  2.5  1.7  1.1  1.2  1.0  1.0 

Corniervationist  or  forester    ...  18  16  NA  NA  NA  1.0  1.4  0.9  0.6  0.6  0.8  0.4  0.3  0.2  0.3  0.2  0.2  0.3  0.3  0.4 

Engineer   0.4  0.2  NA  NA  NA  0.4  0.5  0.3  0.5  0.7  0.6       0.7  0.6  0.4  0.4  0.3  0.4  0.4  0.4   0.5 

(continued) 
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Appendix  table  2-5. 

Selected  characteristics  of  American  college  freshmen:  1971-90 
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1971     1972    1973    1974    1975    1976    1977    1978    1979    1980    1981    1982    1983    1984     1985    1986    1987    1988    1989  1990 

Freshmen  planning  to  major  in  non*science/engineering  fields 


Percent 


Farmer  or  rancher  

.  .  1.0 

0.8 

NA 

NA 

NA 

0.9 

1.0 

0.7 

0.9 

0.7 

1.0 

0.9 

0.7 

0.6 

0.5 

0.4 

0.3 

0.4 

0.4 

0.4 

Foreign  service  worker  

.  .  0.6 

0.5 

NA 

NA 

NA 

0.6 

0.4 

0.5 

0.5 

0.4 

0.5 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.6 

0.6 

0.6 

Lawyer  

.  .  5.8 

6.6 

NA 

NA 

NA 

4.6 

4.7 

4.1 

4.7 

4.6 

4.4 

5.1 

4.6 

4.4 

3.9 

4.1 

4.6 

5.2 

5.6 

5.0 

Military  service  (career)  

.  .  1.0 

1.2 

NA 

NA 

NA 

0.5 

0.6 

0.7 

0.6 

0.5 

0.6 

0.6 

0.6 

0.7 

0.5 

0.8 

0.7 

0.6 

0.5 

0.4 

Nurse  

4.6 

4.6 

NA 

NA 

NA 

5.9 

4.8 

5.2 

4.7 

5.1 

4.7 

5.6 

5.5 

4.5 

3.7 

3.0 

2.3 

2.6 

2.4 

3.6 

Physician  

6.1 

6.8 

NA 

NA 

NA 

3.2 

4.3 

4.7 

4.4 

4.7 

4.6 

4.9 

4.9 

4.9 

5.0 

4.5 

3.7 

4.1 

4.2 

4.6 

School  counselor   

0.1 

0.2 

NA 

NA 

NA 

0.1 

0.2 

0.1 

0.2 

0.2 

0.1 

0.1 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.5 

0.5 

NA 

NA 

NA 

0.3 

0.3 

0.4 

0.2 

0.3 

0.3 

0.2 

0.3 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.7 

0.4 

NA 

NA 

NA 

0.9 

0.7 

0.7 

0.7 

0.5 

0.3 

0.3 

0.4 

0.3 

0.2 

0.3 

0.3 

0.3 

0.3 

0.2 

.  .  0.0 

0.0 

NA 

NA 

NA 

0.1 

0.0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.1 

Therapist  (e.g..  physical) 

2.6 

3.4 

NA 

NA 

NA 

3.8 

3.7 

3.6 

3.2 

3.3 

3.5 

3.5 

3.3 

3.9 

2.8 

2.9 

3.0 

3.2 

3.2 

3.5 

Teacher  (elementary)  

10.2 

8.6 

NA 

NA 

NA 

7.8 

6.9 

6.1 

6.6 

6.1 

6.5 

4.6 

5.3 

5.4 

5.2 

5.9 

6.9 

6.4 

6.3 

7.9 

Teacher  (secondary)  

10.9 

83 

NA 

NA 

NA 

5.9 

4.5 

4.4 

3.9 

3.7 

3.1 

2.7 

3.1 

2.8 

3.5 

3.9 

4.2 

4.3 

4.3 

4.8 

Vetennartan  

1.3 

2  1 

NA 

NA 

NA 

1.2 

1.3 

1.5 

1.2 

1.4 

1.1 

0.9 

1.0 

0.8 

1.1 

1.0 

0.8 

0.7 

0.8 

0.7 

Writer  or  journalist  

2.4 

2.7 

NA 

NA 

NA 

3.4 

3.2 

3.4 

4.0 

3.6 

4.0 

3.7 

3.7 

3.6 

4.3 

3.9 

3.7 

4.0 

4.1 

3.8 

Skilled  trades  

0.5 

0.4 

NA 

NA 

NA 

0.3 

1.3 

0.6 

0.5 

0.6 

0.6 

0.4 

0.5 

0.3 

0.3 

0.3 

0.2 

0.6 

0.5 

0.4 

Other  

5.4 

5.0 

NA 

NA 

NA 

5.4 

5.1 

5.4 

6.1 

6.0 

5.9 

5.2 

5.4 

4.8 

4.9 

5.3 

5.5 

5.4 

6.8 

7.9 

Undecided  

12.9 

14.4 

NA 

NA 

NA 

11.9 

11.7 

12.4 

12.4 

12.4 

12.1 

13.3 

12.8 

13.5 

12.9 

14.4 

14.2 

13.5 

13.8 

13.6 

Student's  probable  major 

Agriculture  

3.1 

3.0 

3.2 

4.0 

3.9 

3.4 

3.1 

2.5 

2.4 

2.2 

2.7 

2.1 

1.6 

1.4 

1.3 

1.1 

0.9 

1.0 

1.2 

1.3 

Business  

15.9 

14.8 

19.9 

21.6 

22.2 

24.0 

26.6 

29.5 

29.8 

30.0 

32.2 

31.9 

32.2 

36.6 

35.9 

36.0 

36.3 

34.6 

34.1 

30.7 

Education  

15.3 

11.9 

20.1 

17.7 

16.7 

16.3 

14.3 

13.2 

13.3 

11.9 

11.0 

9.1 

10.6 

9.7 

9.3 

11.4 

12.3 

11.6 

11.7 

14.0 

English  

4.5 

2.9 

3.3 

2.2 

2.2 

2.0 

1.8 

2.1 

1.7 

1.7 

1.7 

1.5 

1.9 

1.7 

2.1 

2.3 

2.1 

2.3 

2.6 

2.7 

Health  professional  

17.8 

19.9 

8.7 

10.8 

102 

10.9 

15.1 

15.5 

14.3 

15.4 

14.4 

15.5 

15.4 

15.2 

13.8 

12.2 

10.6 

11.6 

12.4 

13.8 

History  or  political  science 

3.8 

3.4 

2.8 

2.1 

1.8 

1.8 

1.5 

1.1 

1.3 

1.0 

1.2 

1.1 

1.2 

1.4 

1.3 

1.4 

1.4 

1.5 

1.7 

1.8 

Humanities  

5.1 

5.6 

4.7 

4.8 

3.7 

3.6 

2.8 

2.5 

2.5 

2.2 

2.4 

k  3 

2.2 

2.2 

2.4 

2.5 

2.6 

2.7 

2.4 

2.6 

Finn  arts  

11.2 

108 

10.3 

11.0 

10.1 

9.5 

9.5 

9.4 

87 

8.8 

8.6 

8.0 

7.5 

7.1 

7.2 

8.0 

8.4 

7.3 

8.0 

7.3 

Other  technical  

4.0 

45 

7,3 

6.7 

7.4 

6.7 

5.4 

4.6 

5.2 

6.6 

6.4 

7.3 

7.2 

4.6 

4.1 

3.3 

2.9 

3.8 

25 

2.5 

Othor  nontechnical  

15.9 

15.8 

12.6 

12.1 

13.8 

14.4 

12.0 

12.2 

13.0 

12.0 

11.1 

12.3 

11.5 

11.0 

12.7 

11.3 

11.7 

12.8 

12.3 

12.7 

Undecided  

.  3.3 

7.4 

70 

7.0 

8.1 

7.5 

8.0 

7.3 

8.0 

8.1 

8.4 

&.8 

8.7 

9.1 

10.0 

10.6 

10.8 

10.7 

11.1 

10.6 

(continued) 
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•Selected  characteristics  of  American  college  freshmen:  1971*-90  |  % 
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1971    1972    1973    1974    1975    1976    1977    1978    1979    1980    1981    1982    1983    1984    1985    1986    1987    1988    198&^,1990  la' 


Freshmen  planning  to  major  in  non-science/engineering  fields 


  3 

 —  Percent     -   \^ 

Highest  degree  planned  !  3* 

None                                      NA      1.5      NA      2.2      2,8      2,2      1.6      1.5      1.2  1.3      1,5      1.5  2.5  1.7  2.3  1.8  1,7  2,0  0,9  1.3  I  & 

Associate  or  equivalent                NA      1.4      NA      2.2      1.6      1.7      2.2      1.6      2.1  2.1      1.9      2.0      1.3  1.6  1.0  0.9  0,8  1.5  0,9  0,R  i| 

Bachelors                                 NA     41.5      NA     44.0     41.6     40.4     39,4     40.0    39.3  40.7     40.1     39.5  37.6  39.5  38,7  37.7  37.4  31.8  32.5  30.4 

Masters                                    NA     28.8      NA     30.9     32.3     32,9     33.4     33.9     34.7  33.0     35.1     33.6  35.1  34.5  36.1  38.4  39.3  41.2  41.8  42.1  j  I 

Doctorate                                 NA      7.4      NA      71      7.3      8.0      7.7      7.6      7.1  7.0      7,6      7.9      7.6  8.4  7.5  8.0  8.6  10.1  9.8  10.8  !g 

Professional  (e.g..  MD.  DOS)  ..  .    NA     107      NA      6.6      6.0      6.3      7.8      8.2      7.7  8.0      7.4      7.9      7.5  7.3  8.1  7.1  6.0  6.1  6.6  7.1  ■ 

Law                                        NA      6.6      NA      4.1       5.3      5.3      5.1       5.0      5.1  4.9      4.7      5.3      5.2  4.8  3.8  4.1  4.4  5.2  5.4  5.1 

Divinity                                    NA      0.6      NA      0.7      0.5      0.5      0.6      0.5      0.6  0.4      0,3      0.4      0.5  0.4  0.5  0.2  0.3  0.4  0.4  0,5  | 

Other                                       NA      15      NA      2.2      2.6      2.5      2.3      1.7      2.2  2.6      1.3      1.8      2.6  1.8  2.0      1.7  1.5  17  1.6  1.9  | 


NA  :  data  not  collected  ! 
SOURCE:  Higher  Education  Research  Institute.  University  of  California  at  Los  Angeles,  unpublished  tabulations.  j 
See  figures  2-2  and  2-3  Science  &  Engineering  Indicators  - 1991  I 
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Appendix  table  2-6. 

Undergraduate  enrollment  in  engineering  and  engineering  technology  programs:  1979-89 


1 979  1 980  1 981  1 982  1 983  1 984  1 985  1 986  1 987  1 988  1 989 

Engineering  programs 

Total  enrollment   366.299      397,344      420.402      435.330      441,205      429.499      420.864      407,657      392.198      385    '2  378.277 


340.488 

365.117 

387.577 

403.390 

406,144 

394,635 

384.191 

369,520 

356,998 

346,169 

338.529 

Freshman  

103,724 

110.149 

115,280 

115.303 

109.638 

105.249 

103.225 

99.238 

95.453 

98.009 

95,420 

Sophomore  

78.594 

84,982 

87,519 

89.785 

89,515 

83.946 

79.627 

76,195 

73.317 

71.030 

71.267 

Junior  

74.928 

80.024 

86,633 

90,541 

91 ,233 

89,509 

84,875 

80.386 

77.085 

73,761 

70.483 

Senior  

77.823 

84.442 

92.414 

102.055 

109.036 

109.695 

110.305 

107,773 

104.003 

97,614 

94,465 

Fifth  year  

5,419 

5.520 

5,731 

5.706 

6,722 

6.236 

6,159 

5,928 

7,140 

5.755 

6.894 

Total  part  time  

25,811 

32.227 

32.825 

31,940 

35,061 

34.864 

36.673 

38,137 

35.200 

39.243 

39.748 

286 

287 

286 

286 

292 

289 

297 

311 

316 

320 

323 

ABET-accredited  schools  .  .  . 

239 

246 

250 

249 

258 

258 

264 

270 

277 

281 

284 

Engineering  technology  programs 

Total  enrollment  

NA 

NA 

191.152 

176,133 

163,226 

157,897 

123.571 

137.390 

128.501 

131.704 

127,687 

Total  full  time  

NA 

NA 

134.444 

120.342 

112.745 

1 1 1 ,446 

83.038 

90.536 

80,600 

79,624 

76,179 

First  year  ...   

NA 

NA 

65,893 

50.339 

53,032 

46.806 

34.389 

39.177 

32,685 

33.477 

32,225 

Second  year  

NA 

NA 

40,774 

36.807 

33.799 

31.716 

23.293 

25.612 

22.906 

21,852 

21.627 

Other  full-time  associates  .  . 

NA 

NA 

872 

797 

925 

1,165 

466 

657 

1,404 

1.760 

1,810 

Bachelor  of  engineering 

technology  third  and 

later  years  

NA 

NA 

26.905 

23,399 

24.989 

31.759 

24.890 

25,090 

23.605 

22,535 

20.517 

Total  part  time  

NA 

NA 

56.708 

55.791 

50.481 

46.451 

40,b33 

46,854 

47,901 

52,080 

51,508 

Number  of  schools  

NA 

NA 

NA 

NA 

NA 

NA 

200 

257 

291 

310 

286 

NA    nol  aviiilablK? 

Schools  with  tit  toast  oru*        j!um  accredited  by  the  Accreditation  Board  of  Engineering  and  Technology  (ABET). 

SOUnCt;  Lr^qtneerint;  Manpower  Commission.  Amencan  Association  of  Engineering  Societies.  Engineering  &  Technology  Enrollments,  Fall  1989,  Parts  I  and  II  (Washington.  DC:  AAES,  1 990). 
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Appendix  table  2-7. 

Bachelors  degree  conferrals,  by  field  and  gender:  1980-89 


1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Total 

.  940,251 

946,877 

964,043 

yoU,b/y 

yob,d4o 

yyu.ooU  1 

H  nno  coo 

1  ,UUb,Uoo  1 

1  ,UoU,  1  f\ 

Total  science  and  engineering  . . 

.  291,983 

294,867 

302,118 

307,229 

314,666 

321,739 

323,950 

318,942 

308,760 

307,580 

232,743 

230,799 

234,327 

234.275 

238,135 

243.868 

246.889 

244,237 

238,354 

240,366 

Physical  sciences  

17,506 

17,481 

17,311 

16,199 

15,834 

16.271 

15.786 

15,466 

14.263 

14.148 

11,473 

11,173 

11,708 

12.557 

13.342 

15,267 

16.388 

16,626 

16,122 

15,439 

Computer  sciences  

11,213 

15,233 

20,431 

24.682 

32,435 

39.121 

42,195 

39.927 

34.896 

30.963 

Environmental  sciences  . . . 

6,155 

6,694 

7,061 

7,298 

7,925 

7,576 

6,076 

4.689 

3,554 

3.181 

71,617 

68,086 

65,041 

63.237 

59,613 

57.812 

56,465 

56.215 

54,280 

52.612 

42.513 

41,364 

41,539 

40,825 

40,375 

40.237 

40,937 

43.195 

45,378 

48.954 

72,266 

70,768 

71,236 

69,477 

68,61 1 

67,584 

69,042 

68,119 

69.861 

75,069 

Total  engineering  

59,240 

64,068 

67,791 

72.954 

76,531 

77.871 

77,061 

74,705 

70,406 

67.214 

Men 

Total,  all  baccalaureates  

477,750 

474,336 

477,543 

483,395 

486,750 

486,662 

490,306 

485,003 

481 .236 

487,566 

Total  science  and  engineering  . . 

.  186,009 

186,425 

188,957 

191,617 

196,650 

200,301 

200,893 

194,633 

186.671 

183,787 

132,783 

129,474 

129,503 

128,382 

130,952 

133.746 

135,035 

131.401 

127,105 

126,817 

Physical  sciences  

13,317 

13,167 

12,779 

11,586 

11,177 

11,434 

11.090 

10,793 

9,677 

9,777 

6,625 

6,392 

6,650 

7,059 

7,428 

8,231 

8,772 

8,900 

8.662 

8,333 

Computer  sciences  

7.814 

10.280 

13,316 

15.690 

20,369 

24,690 

27,069 

26.038 

23,543 

21.418 

Environmental  sciences  . , . 

4.693 

5.028 

5,254 

5.450 

5.991 

5.715 

4,722 

2,629 

2,707 

2.380 

44.021 

40,610 

38,115 

36,677 

34,253 

32,664 

31,643 

31,592 

29.731 

28.787 

15,590 

14,447 

13,756 

13.228 

12.949 

12,815 

12.691 

13,399 

13.584 

14,291 

.  40,723 

39,550 

39.633 

38,692 

38,785 

38,197 

39,048 

38,050 

39,201 

41,831 

Total  engineering  

,  53,226 

56,951 

59,454 

63,235 

65,698 

66.555 

65,858 

63.232 

59.566 

56.970 

Women 

462.501 

472,541 

486,500 

497,284 

499,595 

504,218 

510,046 

518,529 

524,797 

542,604 

Total  science  and  engineering  . . 

.  105,974 

108.442 

113.161 

115,612 

118,016 

121,438 

123,057 

123,309 

122,089 

123.793 

99,960 

101.325 

104,824 

105,893 

107,183 

110,122 

111.854 

1 1 1 ,836 

1 1 1 .249 

113,549 

4,189 

4,314 

4.532 

4,613 

4.657 

4,837 

4,696 

4,673 

4,586 

4.371 

Mathematics  

4,848 

4.781 

5,058 

5,498 

5.914 

7.036 

7.616 

7.726 

7,460 

7.106 

Computer  sciences  

3,399 

^1.953 

7,115 

8,992 

12.066 

14,431 

15.126 

13,889 

1 1 .353 

9.545 

Environmental  sciences  .  . . 

1 ,462 

1,666 

1,807 

1,848 

1.934 

1.861 

1.354 

1,060 

847 

801 

27,596 

27.476 

26,926 

26,560 

25.360 

25.148 

24,822 

24.623 

24.549 

23.825 

26.923 

26.917 

27,783 

27,597 

27,426 

27,422 

28,246 

29.796 

31 ,794 

34.663 

Social  sciences  

31,543 

31,218 

31,603 

30,785 

29,826 

29.387 

29.994 

30,069 

30.660 

33.238 

Total  engineering  

6,014 

7.117 

8,337 

9,719 

10.833 

11.316 

11.203 

11,473 

10.840 

10.244 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  Science  and  Engineering  Degrees.  1966-89.  A  Source  SooA.  NSF  91  -314.  Detailed 
Statistical  Tables  (Washington,  DC;  NSF.  1991). 

See  figure  2-5  and  figure  0-1 5  in  Overview.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  2-8. 

Bachelors  degree  conferrals,  by  field  and  racial/ethnic  group:  1977-89 

(page  1  of  2) 


Field' 

1d/7 

1979 

1981 

1985 

1987 

1989 

Total,  U.S.  citizens  and  permanent  residents 

Total  science  and  engineering  . 

326,418 

322,195 

322,189 

345,400 

339,934 

336,582 

Total  sciences  

280,325 

264,192 

253,803 

257,992 

254.800 

257,857 

22,038 

22.659 

23,441 

22,892 

19,027 

16,482 

Mathematics  

13,977 

1 1 .534 

10,717 

14,cl2 

16,506 

14,524 

Computer  sciences  

6,161 

8,392 

14,455 

36,692 

35,943 

27,721 

Life  sciences'  

74,230 

71,442 

64,560 

55,479 

51 ,729 

48,561 

Psychology  

47,297 

42.561 

40,878 

39,406 

41.248 

47,396 

Social  sciences*  

116,622 

107,604 

99,752 

89,311 

91.347 

103,173 

Total  engineering^  

46,093 

58.003 

68.386 

87,408 

85,134 

78,725 

White,  non-Hispanic 

Total  science  and  engineering . 

290,175 

284,852 

281 ,924 

299.662 

289,700 

283,260 

Total  sciences  

248,103 

232,201 

221.068 

223.357 

217,834 

218,035 

20,417 

20,958 

21,249 

20,541 

16,653 

14,238 

12,602 

10,229 

9,447 

12,163 

13,265 

12,287 

Computer  sciences  

5,508 

7.404 

12.566 

31,321 

29,181 

21,711 

Life  sciences'  

67,891 

64.445 

57.529 

48.248 

44.034 

40,594 

41,494 

36,648 

34,718 

33,959 

35.761 

40.506 

100,191 

92,517 

85,559 

77,125 

78.940 

88,699 

Total  engineering'*  

42,072 

52,651 

60,856 

76.305 

71,866 

65.225 

Black,  non-Hispanic 

Total  science  and  engineering  . 

19,455 

18,743 

18,828 

18,075 

18,279 

18,405 

Total  sciences  

18,070 

16,968 

16.379 

14,933 

14,859 

15.251 

692 

704 

911 

830 

823 

697 

Mathematics  

712 

652 

585 

770 

834 

792 

Computer  sciences  

361 

507 

786 

2,143 

2,820 

2,457 

2,724 

2,837 

2,650 

2,417 

2,185 

2,225 

Psychology  

3.221 

3.218 

3,308 

2.667 

2.451 

2,743 

Social  sciences*  

10.360 

9.050 

8,139 

6,106 

5,746 

6,337 

1,385 

1,775 

2.449 

3.142 

3.420 

3.154 

Asian 

Total  science  and  engineering . 

6,096 

7,080 

9,027 

13,791 

17,612 

19,734 

4,885 

5.222 

5.961 

8,784 

11,234 

12,831 

Physical  sciences^  

377 

439 

599 

763 

894 

922 

Mathematics  

316 

324 

392 

885 

1,034 

1,019 

Computer  sciences  

163 

263 

669 

2.044 

2.455 

2.268 

Life  sciences'  

1.558 

1,788 

1.807 

2,197 

2,844 

3.146 

Psychology  

807 

781 

843 

845 

1.154 

1.575 

1.664 

1,627 

1,651 

2,050 

2,853 

3.901 

Total  engineering^  

1,211 

1.858 

3.066 

5.007 

6.378 

6.903 

(continued) 
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Appendix  table  2-8. 

Bachelors  degree  conferrals,  by  field  and  racial/ethnic  group:  1977-89 

(page  2  of  2) 


Field^ 

1977 

1979 

1981 

1985 

1987 

1989 

Native  American 

Total  science  &  engineering  . 

...  1,155 

1,187 

1,202 

1.484 

1,350 

1.323 

1 ,020 

1,023 

1.007 

1,175 

1,067 

1.048 

Physical  sciences^  

68 

63 

65 

98 

72 

62 

26 

41 

18 

59 

52 

53 

15 

11 

21 

139 

112 

90 

270 

233 

233 

231 

202 

215 

167 

177 

196 

201 

180 

420 

474 

498 

474 

447 

449 

208 

Total  engineering'  

135 

164 

195 

309 

283 

275 

Hispanic 

Total  science  &  engineering 

.  .  .  9,537 

10.333 

11,208 

12.388 

12,993 

13,860 

Total  sciences  

.  .  .  8,247 

8.778 

9.388 

9.743 

9.806 

10,692 

Physical  sciences^  .... 

484 

495 

617 

660 

585 

563 

Mathematics  

  321 

288 

275 

335 

321 

373 

Computer  sciences .... 

  114 

207 

413 

1,045 

1,375 

1.195 

Life  sciences^  

  1 ,787 

2.139 

2.341 

2,386 

2,464 

2,381 

Psychology  

  1.608 

1,737 

1,813 

1.734 

1.702 

2,152 

Social  sciences'*  

  3.933 

3,912 

3.929 

3.583 

3.359 

4.028 

Total  engineering^  

  1 ,290 

1.555 

1,820 

2.645 

3.187 

3,168 

NOTES:  Data  by  racial/ethnic  group  are  collected  on  a  biennial  schedule;  data  are  provided  by  institutions:  imputations  are  done  for  some  nonresponse.  Racial/ethnic 
categories  are  designated  on  the  survey  form.  These  categories  include  U.S.  citizens  and  foreign  citizens  on  permanent  visas.  Data  are  not  available  by  racial/ethnic 
group  for  foreign  citizens  on  temporary  visas. 

•Data  on  racial/ethnic  groups  are  collected  by  broad  fields  of  study  only;  therefore,  these  data  cannot  be  adjusted  to  the  exact  field  taxonomies  used  by  the  National 

Science  Foundation. 

'Includes  environmental  sciences. 

^Excludes  health  sciences. 

'For  1977  to  1981,  social  sciences  included  Afro-American  black  cultural  studies  and  American  Indian  studies. 

^Includes  engineering  technology.  Racial/ethnic  data  for  engineering  and  engineering  technology  can  only  be  separated  for  1985  and  1987. 

SOURCE:  Science  Resources  Studies  Division,  lationat  Science  Foundation,  unpublished  tabulations  from  the  Completion  Survey  conducted  by  the  National  Center 

for  Education  Statistics. 
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Appendix  table  2-9. 

Freshman  intentions  as  predictor  of  science  and  engineering 
bachelors  degrees 

Social  & 

Computer       Natural  behavioral 
Engineering       sciences       sciences  sciences 

Freshman  intentions 

Percent 

1977    9.5  0.9  11.8  9.5 

1978    10.1  1.5  11.6  9.4 

1979    10.5  1.8  10.1  9.0 

1980    11.4  2.5 

1981   11.1  3.8 

1982    12.0  4.9 

1983    11.5  4.9 

1984    11.0  3.5 

1985    10.5  2.5 

1986    10.2  1.9 

1987    9.5  1.6 

1988    8.9  1.6 

1989    9.8  1.6 

1990    9.7  1.7  8.4  11.0 

Share  of  bachelors  degrees 

1980   

1981  

1982   

1983   

1984   

1985   

1986   

1987   

1988   

1989   

'Percentage  of  freshmen  at  4-year  colleges  and  universities  who  plan  to  major  in  a 
science  or  engineering  field. 

'Science  and  engineering  bachelors  degrees  as  a  pecentage  of  all  bachelors  degrees. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation 
unpublished  tabulations:  and  Higher  Education  Research  Institute,  University  of 
California  at  Los  Angeles,  unpublished  tabulations. 

See  figure  2-6.  Science  &  Engineering  Indicators  -1991 


9.2 

8.3 

9.4 

7.7 

8.7 

72 

9.1 

7.6 

9.1 

8.6 

8.5 

9.0 

8.2 

9.5 

7.7 

10.0 

7.8 

11.3 

8.2 

11.0 

6.3 

1.2 

11.4 

12.2 

6.8 

1.6 

10.9 

11.8 

7.0 

2.1 

10^ 

11.7 

7.4 

2.5 

1'  i 

11.2 

7.8 

3.3 

9.8 

11.0 

7.9 

3.9 

9.8 

10.9 

7.7 

4.2 

9.5 

11.0 

7.4 

4.0 

9.3 

11.1 

7.0 

3.5 

8.8 

11.5 

6.5 

3.0 

83 

12.6 
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Appendix  table  2-10. 

Science  and  engineering  graduate  students,  by  field  and  gender:  1980-90 


1 980       1 98 1       1 982       1 983       1 984        1 985       1 986       1 987       1 988       1 989       1 990 

 Total  

Total  science  &  engineering      327,533  334.059  340 J07  349,547   352.027    360,722  370,487  375,632   378,274  386.047  401.569 


Total  sciences   252.449  253,580  256.126  257,610  258.383  263.771  267.416  270,988  274.555  281.232  292.270 

Physical  sciences   26.952  27,382  28,199  29,466  30,064  30.995  32.260  32.738  32.972  33.628  34.337 

Mathematics   15.360  15,915  17,199  17.397  17.478  17.613  17,990  18,570  19.141  19,382  19,884 

Computer  sciences   13.578  16,437  19,812  23.616  25.810  29.844  31.425  32,137  32,787  32,846  34.507 

Environmental  sciences ..  .  14.208  14,422  15.174  15,544  15.612  15,545  15.163  14,522  14,032  13.848  14.159 

Life  sciences   60.144  59.079  58.624  58,345  58.233  57,918  58,545  58.456  59.316  60.655  62.104 

Psychology   40.636  40.691  40,082  41,039  41,074  41.308  41.551  42,888  44,389  46.304  48.659 

Social  sciences   81,571  79,654  77,036  72,203  70,112  70,548  70.482  71,674  71,918  74.569  78.620 

Total  engineering   75.084  80,479  84,581  91,937  93,644  96.951  103.071  104.644  103.719  104,815  109.299 


Men 

Total  science  &  engineering  .  .  232,753  233,604  236,602  242.234  243,683  249,089  255,324  257.686  256,113  258,889  266,292 

Total  sciences   164.172  161.056  160.987  160.276  160.574  163,470  164.922  166,131  165.719  167,874  171,954 

Physical  sciences   22.352  22,366  22,776  23,586  23.904  24,483  25.395  25,620  25,473  25,825  26.223 

Mathematics   11.272  11,419  12.109  12,184  12,295  12,227  12,501  12,944  13,348  13.359  13,646 

Computer  sciences    10,491  12,228  14.366  16,968  18,905  22,387  23.677  24,233  24.564  24.880  26.316 

Environmental  sciences ..  .  10,940  10,945  11,393  11.593  11,694  11.571  11.183  10.708  10.164  9,923  9,994 

Life  sciences   38.939  37,580  36,335  35,755  35.473  34,904  34.965  34,776  34.695  35,013  35.367 

Psychology   19.036  17,902  16.977  16,687  16,216  15.778  15,459  15.744  15.643  15,906  15,963 

Social  sciences   51,142  48,616  47,031  43,503  42,087  42.120  41,742  42,106  41,832  42,968  44.445 

Total  engineering   68,581  72.548  75,615  81.958  83,109  85.619  90.402  91.555  90.394  91.015  94.338 


Women 

Total  science  &  engineering  .  .  94.780  100.455  104,105  107.313  108.344  111,633  115,163  117,946  122,161  127,158  135,277 

Total  sciences   88.277  92,524  95.139  97,334  97,809  100.301  102,494  104.857  108,836  113,358  120,316 

Physical  sciences   4.600  5.016  5.423  5.880  6,160  6.512  6.865  7,118  7.499  7,803  8.114 

Mathematics   4.088  4,496  5.090  5,213  5,183  5,386  5,489  5,629  5,793  6,023  6.238 

Computer  sciences   3.087  4,209  6,446  6.648  6.905  7.457  7.748  7.904  8.223  7.966  8,191 

Environmental  sciences ..  .  3.268  3,477  3,781  3.951  3.918  3,974  3,980  3.814  3.868  3.925  4,165 

Life  sciences   21.205  21.499  22,289  22.590  22,760  23.014  23,580  23.680  24.621  25,642  26,737 

Psychology   21,600  22,789  23.105  24,352  24.858  25.530  26.092  27.144  28,746  30.398  32,696 

Social  sciences   30,429  31.038  30.005  28,700  28,025  28.428  28,740  29.568  30.086  31.601  34.175 

Total  engineering   6,503  7,931  8,966  9,979  10.535  11.332  12.669  13.089  13.325  13,800  14.961 


SOURCES:  Science  Resources  Studies  Division,  National  Science  Foundation.  Selected  Data  on  Graduate  Students  and  Postdoctorates  in  Science  and  Engineering: 
Fall  1990,  NSF  91-320  (Washington.  DC:  NSF.  1991).  unpublished  tabulations;  and  annual  series. 

See  figure  2-7.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  2-11. 

Science  and  engineering  graduate  students,  by  field  and  racial/ethnic  group:  1983*90 

(page  1  of  2) 


1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Total,  U.S.  citizens 

Total  science  &  engineering.  . 

278.994 

279,554 

283,741 

286,279 

287.606 

284,243 

287,681 

299.110 

214.676 

213,916 

215,725 

215,349 

216,457 

215,893 

219.731 

227.938 

Physical  sciences  

21,805 

22.017 

22,054 

22.232 

22,110 

21,860 

21,820 

21.826 

12,442 

12,285 

12.262 

12.179 

12.443 

12,716 

12,711 

13.443 

Computer  sciences  

18.068 

19.451 

22,386 

23.419 

23.409 

23.717 

23.122 

23,778 

Environmental  sciences  . 

13,679 

13.808 

13.651 

13.067 

12,299 

11,589 

1 1 .247 

11.442 

Life  sciences  

49,567 

49.208 

48.366 

47,918 

47.785 

46.612 

46,878 

47,391 

Psychology  

39,605 

39.685 

39,811 

40.047 

41,346 

42.726 

44.652 

46.819 

Social  sciences  

59,510 

57,462 

57,195 

56.487 

57,065 

56.673 

59.301 

63,239 

Total  engineering  

64.318 

65.638 

68.016 

70,930 

71.149 

68.350 

67,950 

71.172 

White 

Total  science  &  engineering  . 

226.010 

224.118 

224,898 

228.655 

230,170 

230,855 

232,012 

241,210 

Total  sciences  

176,909 

174.289 

174,063 

175.249 

175.991 

178,030 

180.165 

186,869 

Physical  sciences  

18,657 

18.595 

18.338 

18.565 

18,098 

18.292 

18.328 

18,570 

Mathematics  

10,293 

9,976 

9.818 

9,547 

9,695 

10.188 

10.174 

10.705 

Computer  sciences  

13.482 

13.983 

15.569 

16.498 

17.149 

17,660 

16,665 

17.436 

Environmental  sciences  . 

12,322 

12.021 

1 1 .860 

1 1 .654 

1 1 .035 

10.531 

10.309 

10.476 

Life  sciences  

43,665 

43,725 

42.051 

41.767 

40.532 

40.454 

40,107 

40,343 

32,665 

32,143 

32.741 

33.285 

34,872 

36,120 

37.815 

39.511 

45,825 

43,846 

43,686 

43,933 

44,610 

44,785 

46,767 

49.828 

Total  engineering  

49.101 

49.829 

50.835 

53,406 

54.179 

52.825 

51.847 

54.341 

Black 

Total  science  &  engineering  . 

11,045 

10,781 

10.587 

10,580 

10.510 

11,246 

11,779 

12,891 

Total  sciences  

9.634 

9.306 

9,165 

9.071 

9,075 

9,713 

10.131 

11,081 

Physical  sciences  

575 

596 

535 

524 

536 

569 

633 

653 

Mathematics  

404 

394 

410 

450 

442 

422 

463 

512 

Computer  sciences  

564 

561 

609 

686 

750 

825 

838 

984 

Environmental  sciences  . 

111 

108 

122 

98 

95 

108 

96 

125 

Life  sciences  

1,296 

1.295 

1.332 

1.238 

1.194 

1.304 

1.372 

1.441 

Psychology  

1.911 

1.933 

1.815 

1.815 

1.825 

1.983 

2,094 

2.289 

Social  sciences  

4,773 

4,419 

4.342 

4,260 

4,233 

4,502 

4.635 

5,077 

Total  engineering  

1,411 

1.475 

1.422 

1,509 

1,435 

1,533 

1.648 

1.810 

Asian 

Total  science  &  engineering  , 

9,393 

10,208 

12.049 

12,883 

14,639 

15.256 

15,778 

17,474 

Total  sciences  

5,974 

6,374 

7.222 

7.697 

8.754 

9.289 

9.745 

10,699 

Physical  sciences  

748 

891 

937 

912 

1.047 

1,213 

1,141 

1,217 

Mathematics  

564 

565 

625 

707 

771 

759 

710 

900 

Computer  sciences  

1.099 

1.251 

1,853 

2.078 

2,463 

2.690 

2.748 

2,864 

Environmental  sciences  . 

239 

187 

193 

152 

181 

210 

211 

267 

Life  sciences  

1.409 

1.460 

1.602 

1.716 

1,846 

2,035 

2.263 

2,585 

Psychology  

532 

545 

559 

619 

728 

752 

821 

964 

Social  sciences  

1.383 

1,475 

1.453 

1.513 

1.718 

1.630 

1,851 

1.902 

Total  engineering  

3,419 

3.834 

4.827 

5,186 

5.885 

5.967 

6.033 

6.775 

Science  &  Engineering  Indicators  -  1991 


Appendix  table  2-11. 

Science  and  engineering  graduate  students,  by  field  and  raciai/ethnic  group:  1983*90 

(page  2  of  2) 


1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Native  American 

Total  science  &  engineering  . . 

919 

835 

741 

752 

788 

928 

859 

1,048 

738 

643 

619 

620 

664 

784 

734 

891 

45 

77 

35 

48 

46 

52 

44 

63 

Mathematics  

32 

23 

22 

32 

48 

32 

34 

20 

22 

48 

56 

20 

27 

40 

41 

42 

Environmental  sciences  . . 

27 

23 

23 

21 

19 

29 

27 

30 

Life  sciences  

153 

108 

109 

130 

118 

139 

110 

157 

Psychology  

136 

116 

136 

135 

153 

179 

181 

236 

Social  sciences  

323 

248 

238 

234 

253 

313 

297 

343 

Total  engineering  

181 

192 

122 

132 

124 

144 

125 

157 

Hispanic 

Total  science  &  engineering  . . 

8,928 

8,715 

8,637 

8,713 

8,842 

9,132 

9,487 

10.502 

Total  sciences  

7.463 

7,193 

7,140 

7,071 

7,108 

7,401 

7,762 

8.547 

Physical  sciences  

563 

535 

599 

629 

591 

624 

680 

641 

Mathematics  

331 

292 

262 

270 

266 

328 

305 

370 

Computer  sciences  

282 

292 

481 

445 

544 

517 

546 

566 

Environmental  sciences  . . 

226 

263 

241 

239 

228 

211 

213 

241 

1,138 

1,103 

1,263 

1,265 

1,262 

1,405 

1,510 

1.530 

Psychology  , . . . 

1,814 

1.903 

1,613 

1.709 

1,669 

1,728 

1.756 

2,159 

Social  sciences  

3.109 

2,805 

2.681 

2,514 

2,548 

2,588 

2,752 

3,040 

Total  engineering  

1.465 

1.522 

1,497 

1.642 

1,734 

1,731 

1.725 

1,955 

NOTE:  Data  on  racial/ethnic  groups  are  only  available  for  U.S.  citizens. 
'Total  includes  racial/ethnic  group  unknown. 

SOURCES:  Science  ResourcfiS  Studies  Division.  National  Science  Foundation,  Selected  Data  on  Graduate  Students  and  Postdoctorates  in  Science  and  Engineering: 
Fall  1990.  NSF  91-320  (Wash  gton.  DC:  NSF,  1991),  unpublished  tabulations;  and  annual  series. 

See  figure  2-8.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  2-12. 

First  year  full-time  science  and  engineering  graduate  enrollment,  by  field  and  gender:  1982-90 


1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Total 

Total  science  &  engineering .  . 

70,351 

72,405 

70,829 

71,771 

73,618 

71,508 

71,484 

75,506 

76,934 

Total  *inipnnA^ 

51,969 

53,140 

51 ,666 

53  335 

53,029 

52  006 

52,145 

55  566 

56  661 

Physical  sciences  

6,185 

6.705 

6,513 

6,645 

6,935 

6,779 

6,528 

6,842 

6,817 

Mathematics  

3,694 

3,600 

3,738 

3,985 

4,029 

3,900 

3,919 

4,224 

4.244 

Computer  sciences  

3,330 

3,898 

4,056 

4,774 

5,033 

5,135 

5,229 

5,707 

5,396 

Environmental  sciences  . . 

3,648 

3.775 

3,387 

3,275 

3,091 

2,609 

2,603 

2,672 

2,707 

Life  sciences  

12,540 

12,700 

12,528 

12,305 

12,172 

12,037 

12,011 

12,416 

12,770 

Psychology  

7,567 

7,804 

7,558 

7,837 

7703 

7,874 

8,258 

9,115 

8,800 

Social  sciences  

15,005 

14,658 

13,886 

14,514 

14,066 

13,672 

13,597 

14.590 

15,947 

Total  engineering  

18,382 

19,265 

19,163 

18,436 

20,589 

19,502 

19,339 

19,940 

20,253 

Men 

Total  science  &  engineering .  . 

48,019 

49,403 

48,399 

48,324 

49,782 

48,049 

47,207 

49,345 

49,710 

31,909 

32,504 

31,604 

32,306 

31,930 

31,202 

30,644 

32,286 

32,497 

Physical  sciences  

4,747 

5.144 

5,025 

5,099 

5,280 

5,145 

4.812 

5,039 

5,011 

Mathematics  

2,582 

2,458 

2,622 

2,732 

2,777 

2,623 

2,637 

2,773 

2,821 

Computer  sciences  

2,450 

2,894 

2,992 

3,620 

3,874 

3,941 

3,967 

4,426 

4,208 

Environmental  sciences  .  . 

2,650 

2,753 

2,482 

2,364 

2,245 

1,854 

1,804 

1,825 

1,863 

Life  sciences  

7,363 

7,448 

7,325 

7,076 

6.819 

6,714 

6,646 

6,810 

6,853 

Psychology  

2.961 

3,001 

2,849 

2,899 

2,700 

2,858 

2,747 

2.965 

2,791 

Social  sciences  

9,156 

8,806 

8,309 

8,516 

8,235 

8,067 

8,031 

8,448 

8,950 

Total  engineering  

16,110 

16.899 

16,795 

16,018 

17,852 

16,847 

16,563 

17,059 

17,213 

Women 

Total  science  &  engineering . . 

22,332 

23,002 

22,430 

23,447 

23,836 

23,459 

24,277 

26,161 

27,224 

Total  sciences  

20,060 

20,636 

20,062 

21,029 

21,099 

20,804 

21,501 

23,280 

24,184 

Physical  sciences  

1,438 

1,561 

1,488 

1,546 

1,655 

1,634 

1,716 

1,803 

1,806 

Mathematics  

1,112 

1,142 

1,116 

1 ,253 

1,252 

1,277 

1,282 

1,451 

1,423 

Computer  sciences  

880 

1,004 

1,064 

1,15  , 

1,159 

1,194 

1,262 

1,281 

1,188 

Environmental  sciences  .  . 

99r 

1,022 

905 

911 

846 

755 

799 

847 

844 

Life  sciences  

5,177 

5,252 

5,203 

5,229 

5,353 

5,323 

5.365 

5.606 

5,917 

Psychology  

4,606 

4,803 

4,709 

4,938 

5,003 

5,016 

5,511 

6,1 130 

6,009 

Social  sciences  

5,849 

5,852 

5,577 

5,998 

5,831 

5,605 

5,566 

6,142 

6,997 

Total  engineering  

2.272 

2,366 

2,368 

2,418 

2,737 

2,655 

2,776 

2,881 

3,040 

SOURCES'  Science  Resources  Studies  Division.  National  Science  Foundation.  Selected  Data  on  Graduate  Students  and  Postdoctorates  in  Sdence  and  Engineering: 
Fall  1990,  NSF  91-320  (Washington,  DC:  NSF,  1991),  unpublished  tabulations;  and  annual  series. 
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Appendix  table  2-13. 

ParHime  science  and  engineering  graduate  enrollment,  by  field  and  gender:  1982-90 


1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Total 

Total  science  &  engineering  . . 

117,937 

118,977 

119.845 

125.129 

126.063 

126,980 

125,631 

126,636 

133.948 

Total  sciences  

83.589 

81.361 

81,729 

84,461 

83.700 

84,503 

85,312 

86  537 

91,196 

Physical  sciences  

4,159 

4.261 

4,212 

4,326 

4.496 

4.324 

4.398 

4.435 

4,764 

Mathematics  

6,376 

6,433 

6,159 

5.780 

5.592 

5.524 

5,618 

5,677 

6,014 

Computer  sciences  

10,641 

12,929 

14,223 

15,743 

16.115 

16,565 

17,191 

16.838 

17.635 

Environmental  sciences.  . . 

3.738 

3.495 

3,793 

4,106 

3,840 

3.979 

3,736 

3./10 

3.864 

Life  sciences  

11.744 

1 1 ,397 

11,003 

1 1 .459 

11.138 

10.684 

10.558 

10.745 

11.458 

Psychology  

14.270 

14.338 

14.966 

15.539 

15.030 

15.391 

15,909 

16.132 

17.667 

Social  sciences  

32.661 

28.508 

27.373 

27.508 

27.489 

28.036 

27.902 

29.000 

29.794 

Total  engineering  

34.348 

37.616 

38.116 

40.668 

42.363 

42,477 

40,319 

40,099 

42.752 

Men 

Total  science  &  engineering  . . 

79.676 

80.012 

80,587 

83,927 

84.443 

84.648 

82.464 

82,489 

86.292 

Total  sciences  

48.887 

46,621 

46.821 

48.176 

47.608 

47,900 

47.750 

47,944 

49,680 

Physical  sciences  

3.135 

3.215 

3.149 

3,242 

3.372 

3.236 

3.265 

3.290 

3,495 

Mathematics  

4,080 

4.140 

3.963 

3.612 

3.503 

3.453 

3,540 

3,590 

3.819 

Computer  sciences  

7.506 

8.930 

10.080 

11.336 

11,702 

1 1 .988 

12,367 

12,174 

12.944 

Environmental  sciences.  .  . 

2.785 

2.555 

2.765 

2.997 

2.793 

2,882 

2.658 

2,576 

2.649 

Life  sciences  

6.564 

6.196 

6.004 

6.141 

5.886 

5,711 

5,383 

5.431 

5.774 

Psychology  

5.696 

5.282 

5.460 

5.422 

5.127 

5,260 

5.328 

5,237 

5.206 

Social  sciences  

19.121 

16.303 

15.400 

15,426 

15.225 

15.370 

15.209 

15,646 

15.793 

Total  engineering  

30.789 

33.391 

33.766 

35.751 

36.835 

36,748 

34.714 

34.545 

36,612 

Women 

Total  science  &  engineering  .  . 

38.261 

33.965 

39.258 

41.202 

41.620 

42.332 

43,167 

44.147 

47.656 

34.702 

34.740 

34.908 

36.285 

36.092 

36.603 

37.562 

38,593 

41.516 

Physical  sciences  

1.024 

1.046 

1.063 

1.084 

1.124 

1,088 

1.133 

1.145 

1.269 

Mathematics  

2.296 

2.293 

2.196 

2.168 

2.089 

2.071 

2,078 

2.087 

2.195 

Computer  sciences  

3.135 

3.999 

4.143 

4.407 

4.413 

4,577 

4.824 

4.664 

4.691 

Environmental  sciences.  .  . 

953 

940 

1.028 

1.109 

1.047 

1,097 

1.078 

1.134 

1,215 

Lite  sciences  

5.180 

5.201 

4.999 

5,318 

5,252 

4.973 

5.175 

5.314 

5.684 

Psychology  

8.574 

9.056 

9.506 

10.117 

9.903 

10.131 

10.581 

10.895 

12.461 

Social  sciences  

13,540 

12.205 

1 1 .973 

12.082 

12,264 

12.666 

12.693 

13,354 

14,001 

Total  engineering  

3.559 

4.225 

4.350 

4.917 

5,528 

5,729 

5.605 

5.554 

6.140 

SOURCES:  Science  Resources  Stu' 'les  Division.  National  Science  Foundalion.  Selected  Data  on  Graduate  Students  and  Postdoctorates  in  Science  and  Engineering: 
f-al!  1990.  NSF  9^-320  (Washington.  DC:  NSF.  1991).  unpublished  tabulations;  and  annual  series. 
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Appendix  table  2-14. 

Masters  degree  conferrals,  by  field  and  gender:  1980-89 


1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Total 

Total,  all  masters  degrees  

299,095 

296,798 

296,580 

290. yji 

OQQ  QOQ 

ouu,uy  1 

J 1  1  ,uou 

Total  science  anc'  engineering  .  . 

54.391 

54,81 1 

67,025 

58.868 

59,569 

61,278 

62.526 

63,018 

63.897 

66,026 

37  545 

37,438 

38,431 

39,147 

39.217 

40,072 

41,212 

40,737 

41,006 

42.098 

Physical  sciences  

3,440 

3,424 

3^514 

3,329 

3,586 

3,642 

3.676 

3,587 

3,730 

3.876 

Mathematics  

2.868 

2,569 

2,731 

2,839 

2.749 

2.888 

3.171 

3,327 

3,434 

3,431 

3.647 

4,218 

4,935 

5,321 

6.190 

7,101 

8,070 

8.481 

9.166 

9.399 

Environmental  sciences  .... 

1,793 

1.876 

2,012 

1,959 

1,982 

2,160 

2.234 

2.051 

1.920 

1.819 

10.278 

9,731 

9.824 

9,720 

9.330 

8,757 

8,572 

8,831 

8,559 

8.430 

Psychology  

7,861 

8.039 

7,849 

8,439 

8,0V3 

8,481 

8.363 

8.165 

7,925 

8.652 

7.658 

7.581 

7.566 

7.540 

7,307 

7,043 

7,126 

6.295 

6,272 

6,491 

Total  engineering  

16.846 

17.373 

18,594 

19.721 

20.352 

21.206 

21,314 

22,281 

22.891 

23.928 

Men 

Total,  all  masters  degrees  

151.159 

147.431 

145.941 

145.114 

143.998 

143,717 

143.932 

141.655 

145.403 

149.399 

Total  science  and  engineering  .  . 

40.008 

39,797 

41.049 

41,787 

41,894 

42.979 

43.344 

43,480 

44,416 

45.262 

Total  sciences  

24.352 

23.830 

24,139 

23.942 

23,701 

24,101 

24,501 

24,040 

24,379 

24,466 

Physical  sciences  

2,801 

2,743 

2,765 

2.636 

2.736 

2,811 

2,759 

2,694 

2,838 

2,836 

Mathematics  

1,832 

1,692 

1.821 

1.859 

1.795 

1,877 

2,055 

2.026 

2.057 

2.061 

2,883 

3.247 

3,625 

3,813 

4,379 

5,064 

5,658 

5,985 

6,702 

6,773 

Environmental  sciences  .... 

1,457 

1,470 

1,560 

1,515 

1,517 

1,639 

1,717 

1,531 

1,433 

1.337 

Life  sciences  

6.952 

6.451 

6,315 

6,111 

5.728 

5,265 

5,022 

5,180 

5,011 

4.849 

Psychology  

3,397 

3.371 

3,228 

3,254 

2,980 

3,064 

2,937 

2,838 

2,599 

2.814 

5,030 

4,856 

4.825 

4.754 

4.566 

4.381 

4.353 

3,786 

3.739 

3,796 

Total  engineering  

15,656 

15.967 

16,910 

17,845 

18,193 

18.878 

18.843 

19.440 

20,037 

20,796 

Womtn 

Total,  all  masters  degrees  

147.936 

149,367 

150.639 

145.817 

141,464 

143,493 

145.891 

148.8/7 

154,688 

161.651 

Total  science  and  engineering  .  . 

14.383 

15.014 

15.976 

17,081 

17.675 

18.299 

19.182 

19,538 

19,481 

20,764 

Total  sciences  

13,193 

13,608 

14.292 

15,205 

15,516 

15.971 

16.711 

16.697 

16.627 

17,632 

Physical  science.s  

639 

681 

749 

693 

850 

831 

917 

893 

892 

1,040 

Mathematics  

1 .036 

877 

910 

980 

954 

1.011 

1.116 

1,301 

1,377 

1,370 

Computer  sciencss  

764 

971 

1,310 

1,508 

1.811 

2.037 

2,412 

2,496 

2,464 

2.626 

336 

406 

452 

444 

465 

521 

517 

520 

487 

482 

Life  sciences  

3.326 

3.280 

3,509 

3,609 

3,602 

3.492 

3,550 

3.651 

3,548 

3.581 

4,464 

4.668 

4.621 

5.185 

5.093 

5.417 

5,426 

5,327 

5,326 

5,838 

Social  sciences  

2.628 

2.725 

2,741 

2.786 

2.741 

2.662 

2 .773 

2.509 

2.533 

2,695 

Total  engineering  

1,190 

1,406 

1.684 

1,876 

2,159 

2.328 

2,471 

2,841 

2,854 

3.132 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Four^dation.  Solected  Data  on  Graduate  Students  and  Postdoctorates  in  Science  and  Engineering: 
Fall  1990.  NSF  91-320  (Washington,  DC:  NSF.  i991).  unpublished  tabulations:  and  annual  series. 

See  figure  2*9.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  2-15. 

Masters  degree  conferrals,  by  field  and  racial/ethnic  group:  1977*89 

(page  1  of  2) 


Field* 

1977 

1979 

1981 

1985 

1987 

1989 

Total,  U.S.  citizens  and  permanent  residents 

1  uidi  buiciiut^  0(  ci lyii loci II ly  .  .  . 

QU,^U  1 

48  71 1 

fO)  /  1  1 

Rn  QQ^ 

(^1  R7P 

Total  sciences  

42.359 

38.784 

36.909 

36.094 

34.773 

35.510 

Physical  sciences^'  

4.689 

4.713 

4.457 

4.563 

4.271 

4.232 

Mathematics  

3.328 

2.571 

2.103 

2.146 

2.331 

2.309 

Computer  sciences  

2.432 

2.528 

3.239 

5.233 

5.848 

6.061 

Life  sciences^  

9.748 

9.697 

8.954 

7.624 

6.963 

6.561 

Psychology  

8.149 

7.852 

7.769 

8,129 

7.493 

7.994 

Social  sciences'  

14.013 

11.423 

10.387 

8.399 

7,867 

8.353 

Total  engineering^  

12.695 

11.417 

11.802 

14.900 

15.947 

16.362 

White,  non-Hispanic 

Total  science  &  engineering .  . . 

49.670 

45.185 

43.435 

44.387 

43.715 

44.316 

Total  sciences  

38.226 

35.103 

33.288 

31.808 

30.476 

30.894 

Physical  sciences-  

4.363 

4.373 

4.115 

4.133 

3.834 

3.766 

Mathematics  

3.048 

2.352 

1.890 

1.873 

2.012 

2.032 

Computer  sciences  

2.208 

2.273 

2.818 

4.303 

4.717 

4.786 

9.042 

8.909 

8.296 

6.946 

6.236 

5.878 

7.201 

7.078 

7.019 

7.220 

6.698 

7.075 

12.364 

10,118 

9.150 

7.333 

6,979 

7.357 

Total  engineering'^  

1 1 .444 

10,082 

10.147 

12.579 

13.239 

13.422 

Blacl(,  non-Hispanic 

Totai  science  &  engineering ,  . . 

2,266 

1.988 

1.787 

1.755 

1.803 

1.688 

2,026 

1,742 

1.527 

1.396 

1.370 

1.287 

Physical  sciences'  

94 

86 

107 

89 

79 

78 

Mathematics  

133 

71 

67 

53 

73 

59 

Computer  sciences  

67 

65 

70 

180 

207 

198 

Life  sciences^  

257 

296 

244 

226 

245 

177 

Psychology  

506 

476 

424 

426 

376 

395 

Social  sciences'  

969 

748 

615 

422 

390 

380 

Total  engineering  '  

240 

246 

260 

359 

433 

401 

Asian 

Total  science  &  engineering . . . 

1.693 

1.895 

2.13? 

3.276 

3,475 

4.100 

Total  sciences  

056 

1.045 

1.053 

1.703 

1.783 

2.073 

Physical  sciences'  

142 

160 

153 

213 

227 

278 

Mathematics  

90 

104 

97 

164 

183 

178 

Computer  sciences  

108 

149 

279 

615 

779 

894 

Life  sciences^  

246 

309 

212 

254 

247 

276 

Ps^'choloav   

95 

87 

77 

129 

113 

131 

Social  sciuiiceb"  

275 

236 

235 

328 

234 

316 

*i"ota!  engineering'^  

737 

850 

1,079 

1.573 

1.692 

2.027 

(continued) 
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Appendix  table  2-15. 

Masters  degree  conferrals,  by  field  and  racial/ethnic  group:  1977-89 
(page  2  of  2) 


Field' 

1977 

1979 

1981 

1985 

1987 

1989 

Native  American 

Tnfal  QPiPnpo  Ri  i^nninpprinn 
1  Ulcll  dUICilUc  OL  vr     It  icci  1  r      .  •  . 

148 

163 

159 

222 

171 

205 

Total  sciences  

125 

139 

128 

173 

108 

170 

Physical  sciences^  

21 

29 

11 

21 

9 

18 

^ylathematics  

12 

8 

7 

7 

3 

6 

Computer  sciences  

3 

16 

12 

41 

22 

39 

27 

21 

22 

24 

17 

23 

Psychology  

26 

20 

32 

37 

35 

33 

36 

45 

44 

43 

22 

51 

Total  engineering  

2. 

24 

31 

49 

63 

35 

Hispanic 

Total  science  &  engineering  .  . 

1,277 

970 

1,198 

1.354 

1,556 

1,563 

1,026 

755 

913 

1.014 

1,036 

1,086 

Physical  sciences'  

69 

65 

71 

107 

122 

92 

Mathematics  

45 

36 

42 

49 

60 

34 

46 

25 

60 

94 

123 

144 

Life  sciences^  

176 

162 

180 

174 

218 

207 

321 

191 

217 

317 

271 

360 

Social  sciences^  

369 

276 

343 

273 

242 

249 

Total  engineering  

251 

215 

285 

340 

520 

477 

NOTES:  Data  by  racial/ethnic  group  are  collected  on  a  biennial  schedule:  data  are  provided  by  institutions;  imputations  are  done  for  some  nonresponse.  Racial/ethnic 
categories  are  designated  on  the  survey  form.  These  categories  include  U.S.  citizens  and  foreign  citizens  on  permanent  visas.  Data  are  not  available  by  racial/ethnic 
group  for  foreign  citizens  on  temporary  visas. 


Data  on  racial/ethnic  groups  are  collected  by  broad  fields  ol  study  only:  therefore,  these  data  cannot  be  adjusted  to  the  exact  field  taxonomies  used  by  the  National 
Science  Foundation. 
Includes  environmental  sciences. 
'Excludes  health  sciences. 

Tor  1977  to  1981.  social  sciences  included  Afro- American  black  cultural  studies  and  American  Indian  studies. 

'Includes  engineering  technology.  Racial/ethnic  data  for  engineering  and  engineering  technology  can  only  be  separated  for  1985  and  1987. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  unpublished  tabulations  from  the  Completion  Survey  conducted  by  the  National  Center 
for  Education  Statistics. 
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Appendix  table  2-16. 

Doctorate  conferrals,  by  field  and  gender:  1980-90 


1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Total 

31.020 

31.357 

31,111 

31 .282 

31.337 

31.297 

31.895 

32.364 

33.490 

34.319 

36.027 

Total  science  &  engineering.  .  . 

4  ^  COO 

17,523 

17,996 

18.017 

1o,393 

1o,o14 

1  o,  / 1  ^: 

1  Q  707 

1  y.  /u/ 

on  7/1 1 

d\  ,OoU 

Total  sciences  

15.044 

15,468 

15,371 

15,612 

15.601 

15.546 

15.875 

15.995 

16.551 

16.986 

17.781 

Physical  sciences  

2.521 

2.627 

2.694 

2.802 

2,845 

2.916 

3.090 

3.212 

3.317 

3,244 

3.494 

Mathematics  

744 

728 

720 

701 

698 

688 

729 

740 

749 

859 

892 

Computer  sciences  

218 

232 

220 

286 

295 

310 

399 

450 

515 

612 

704 

Environmental  sciences  .  .  . 

628 

583 

657 

637 

614 

617 

589 

628 

728 

740 

769 

Life  sciences  

4.715 

4.786 

4.844 

4.756 

4.877 

4.904 

4.805 

4.816 

5,127 

5.203 

5,509 

Psychology  

3.098 

3.358 

3.159 

3.347 

3.257 

3.117 

3.124 

3.169 

3.064 

3.203 

3,267 

Social  sciences  

3,120 

3.154 

3.077 

3.083 

3.015 

2.994 

3,139 

2.980 

3,051 

3.125 

3,146 

2.479 

2.528 

2.646 

2.781 

2.913 

3.166 

3.376 

3,712 

4.190 

4.544 

4,892 

Men 

21.612 

21.465 

21,018 

20.749 

20.638 

20.553 

20.591 

20,938 

21,679 

21,811 

22,966 

Total  science  &  engineering.  .  . 

13.639 

13,880 

13,747 

13.769 

13.810 

13.900 

14,167 

14.472 

15.164 

15,522 

16,399 

11.250 

11.451 

11.225 

11.112 

1 1 ,048 

10.932 

11,016 

11,002 

11.260 

11,353 

11,921 

Physical  sciences  

2.199 

2.318 

2.337 

2.431 

2,446 

2.452 

2.585 

2,686 

2,760 

2,627 

2.843 

Mathematics  

649 

616 

624 

588 

583 

582 

608 

615 

628 

704 

734 

Computer  sciences  

197 

206 

200 

250 

258 

277 

351 

385 

459 

504 

594 

Environmental  sciences  .  . . 

564 

527 

554 

540 

508 

506 

489 

514 

583 

590 

620 

3.565 

3.565 

3.552 

3.390 

3.529 

3,495 

3.353 

3,284 

3,436 

3.433 

3,657 

Psychology  

1.787 

1,885 

1.721 

1,750 

1,626 

1.576 

1,526 

1.474 

1,388 

1,406 

1,361 

Social  sciences  

2.289 

2,334 

2.237 

2.163 

2.098 

2,044 

2.104 

2.044 

2,006 

2,089 

2.112 

Total  engineering  

2.389 

2,429 

2.522 

2.657 

2.762 

2,968 

3,151 

3.470 

3,904 

4,169 

4.478 

Women 

9.408 

9,892 

10.093 

10.533 

10.699 

10.744 

11,304 

11,426 

11,811 

12,508 

13.061 

Total  science  &  engineering.  .  . 

3.884 

4.116 

4,270 

4,624 

4.704 

4,812 

5.084 

5.235 

5,577 

6,008 

6.274 

Total  sciences  

3.794 

4.017 

4,146 

4.500 

4,553 

4,614 

4.859 

4,993 

5,291 

5.633 

5.860 

Physical  sciences  

322 

309 

357 

371 

399 

464 

505 

526 

557 

617 

651 

Mathematics  

95 

112 

96 

113 

115 

106 

121 

125 

121 

155 

158 

Computer  sciences  

21 

26 

20 

36 

37 

33 

48 

65 

56 

108 

110 

Environmental  sciences  .  .  . 

64 

56 

103 

97 

106 

111 

100 

114 

145 

150 

149 

Life  sciences  

1.150 

1.221 

1,292 

1,366 

1,348 

1,409 

1.452 

1,532 

1.691 

1.770 

1,852 

1.311 

1,473 

1,438 

1.597 

1.631 

1,541 

1.598 

1.695 

1.676 

1,797 

1,906 

831 

820 

840 

920 

917 

950 

1,035 

936 

1,045 

1,036 

1.034 

Total  engineering  

90 

99 

124 

124 

151 

198 

225 

242 

286 

375 

414 

SOURCE;  Scienc(^  Resources  Studies  Division,  National  Science  Foundation.  Selected  Data  on  Science  and  Engineering  joctorate  Awards:  1990.  NSF  91-310 
(Washington.  DC:  NSF.  1991). 
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Appendix  table  2-17. 

Doctorate  conferrals,  by  field  and  racial/ethnic  group:  1980-90 

(page  1  of  2) 


1 980  1 98 1  1 982  1 983  1 984  1985  1 986  1 987  1 988  1 989  1 990 

TOTAL,  ALL  DOCTORATES.  .  26,512  26,342  25,619  25,634  25,251  24,694  24.513  24,561  24,911  '^5,024  25,844 

While   22,462  22.470  22,143  22,245  21,864  21,297  21,224  21.116  21,455  21,568  22,345 

Black   1,105  1,110  1,143  1,005  1,055  1,043  949  907  966  962  972 

Asian   1,102  1,073  1,004  1,043  1,019  1,069  1,058  1,167  1,236  1,260  1,260 

Native  American   75  85  77  82  74  96  99  115  94  94  93 

Hispanic   485  526  614  608  607  634  678  709  696  694  813 


TOTAL  SCIENCE 

AND  ENGINEERING   14,362  14.437  14,146  14.301 

While   12.146  12,388  12,330  12,478 

Black   319  332  336  322 

Asian   866  821  765  778 

Nalive  American   27  26  38  28 

Hispanic   213  238  269  282 

Total  sciences   12,808  12,966  12,681  12.819 

While   11,003  11,295  11,230  11,350 


Black  

301 

313 

316 

293 

Asian  

588 

536 

519 

531 

Nalive  American  

24 

22 

35 

27 

Hispanic  

186 

222 

233 

253 

14.085 

13,876 

13.856 

13,906 

14.346 

14,432 

14776 

12,246 

12,004 

12,014 

11,921 

12,326 

12,364 

12.727 

357 

357 

318 

308 

346 

352 

340 

774 

808 

807 

921 

913 

979 

968 

31 

41 

52 

52 

41 

52 

40 

295 

290 

342 

354 

394 

379 

451 

12.572 

12,282 

12.130 

1 1 .993 

12.198 

12.203 

12,473 

1 1 ,089 

10,816 

10.660 

10,463 

10.672 

10,638 

10,909 

342 

323 

294 

283 

315 

319 

300 

524 

527 

545 

594 

580 

619 

623 

28 

40 

46 

45 

37 

45 

36 

261 

268 

307 

320 

331 

331 

398 

2.035 

2,103 

2,110 

2.184 

2,190 

2.178 

2,147 

2,227 

2,236 

2,119 

2,244 

While  

...  1,661 

1,757 

1,859 

1,917 

1,888 

1,900 

1,858 

1.942 

1,927 

1,817 

1,929 

Black   

16 

24 

26 

25 

34 

27 

25 

20 

33 

31 

27 

164 

149 

131 

136 

144 

150 

146 

143 

137 

155 

161 

Nalive  American  

3 

1 

3 

6 

4 

3 

5 

7 

6 

10 

3 

27 

30 

25 

26 

47 

30 

40 

56 

63 

59 

70 

Malhemalics  

582 

525 

499 

457 

443 

418 

402 

396 

386 

428 

416 

While  

496 

448 

437 

395 

380 

350 

343 

319 

332 

369 

367 

Black  

12 

9 

6 

3 

4 

7 

6 

11 

4 

8 

4 

Asian  

42 

40 

32 

34 

30 

33 

28 

41 

33 

24 

25 

Nalive  American  

0 

1 

1 

0 

3 

0 

1 

0 

2 

0 

1 

Hispanic  

5 

5 

6 

7 

11 

12 

12 

11 

4 

11 

10 

Computer  sciences  

169 

188 

155 

207 

195 

21J 

249 

275 

326 

396 

396 

While  

H3 

162 

136 

174 

163 

177 

193 

229 

265 

319 

334 

Black  

0 

2 

1 

3 

3 

3 

1 

2 

2 

1 

1 

Asian  

9 

16 

12 

20 

20 

17 

37 

26 

44 

52 

46 

Native  American  

0 

0 

1 

1 

0 

0 

0 

3 

1 

2 

0 

1 

0 

1 

0 

3 

6 

7 

4 

2 

4 

5 

Environmental  sciences  .  .  . 

538 

488 

557 

513 

499 

474 

446 

450 

542 

559 

544 

While  

485 

44R 

510 

453 

461 

430 

413 

408 

500 

509 

602 

Black  

1 

4 

3 

1 

3 

4 

1 

2 

3 

4 

2 

Asian  

22 

14 

27 

26 

19 

21 

14 

18 

15 

23 

17 

Nalive  American  

2 

0 

0 

2 

0 

1 

2 

0 

2 

6 

1 

4 

6 

7 

11 

2 

6 

5 

5 

8 

9 

13 

Life  sciences  

4,035 

4,050 

4,104 

4,009 

4.059 

3,982 

3.868 

3.774 

3,933 

3,951 

3,967 

White  

3,511 

3,566 

3,678 

3.608 

3,646 

3.572 

3,445 

3,313 

3,484 

3,475 

3,505 

Black  

58 

61 

56 

58 

68 

69 

64 

73 

68 

7C 

56 

Asian  

198 

181 

182 

197 

178 

175 

189 

208 

201 

222 

223 

6 

7 

10 

5 

11 

17 

17 

13 

12 

9 

7 

Hispanic  

36 

56 

54 

49 

52 

71 

83 

77 

97 

90 

111 

(continued) 
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Appendix  table  2-17. 

Doctorate  conferrals,  by  field  and  racial/ethnic  group:  1980-90 

(page  2  of  2) 


1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Psychology  

2,909 

^,158 

2,923 

3,108 

2,986 

2,864 

2,831 

2,806 

2.728 

2.738 

2.859 

White  

2,562 

2,849 

2,638 

2,783 

2,683 

2,590 

2,547 

2,516 

2,445 

2,453 

2,551 

Black  

119 

113 

115 

112 

121 

105 

109 

93 

103 

97 

110 

Asian  

50 

41 

31 

44 

43 

44 

41 

47 

47 

55 

51 

6 

9 

16 

9 

6 

10 

9 

16 

7 

11 

18 

Hispanic  

54 

66 

74 

94 

84 

69 

89 

95 

93 

93 

103 

Social  sciences  

2,540 

2,454 

2,333 

2,341 

2,200 

2,153 

2.187 

2,065 

2,047 

2,012 

2.047 

White  

2,145 

2,065 

1,972 

2,020 

1,868 

1.797 

1,861 

1,736 

1,719 

1,696 

1,721 

Black  

95 

100 

109 

91 

109 

108 

88 

82 

102 

108 

100 

Asian  

103 

95 

104 

74 

90 

87 

90 

111 

103 

88 

100 

Native  American  

7 

4 

4 

4 

4 

9 

12 

6 

7 

7 

6 

Hispanic  

59 

59 

66 

66 

62 

74 

71 

72 

64 

65 

86 

Total  engineering  

,    .  1,554 

1,471 

1,465 

1,482 

1,513 

1,594 

1,726 

1,913 

2,148 

2,229 

2,303 

White  

1,143 

1,093 

1,100 

1,128 

1,157 

1,188 

1,354 

1,458 

1,654 

1 ,726 

1,818 

Black  

18 

19 

20 

29 

15 

34 

24 

25 

31 

33 

40 

Asian  

278 

285 

246 

247 

250 

281 

262 

327 

333 

360 

345 

Native  American  

3 

4 

3 

1 

3 

1 

6 

7 

4 

7 

4 

Hispanic  

27 

16 

36 

29 

34 

22 

35 

34 

63 

48 

53 

NOTE:  Data  are  for  U.S.  citizens  and  pernnanent  residents  only. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation.  Selected  Data  on  Science  and  Engineering  Doctorate  Awards:  1990.  NSF  91-310 
(Washington,  DC:  NSF.  199!). 
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Appendix  table  2-18. 

Time  to  degree  from  U.S.  baccalaureate  to  science  and  engineering  doctorate:  1974-89 


1974 


1975 


1976 


1977 


1978  1979 


1980 


1981 


1982 


1983  1984 


1985 


1986 


1987      1988  1989 


Chemistry  Ph.D.s                     .  1.451  1.438  1.307  1.266  1,219  1,280  1.192  1.282  1.337 

Total  time  to  degree   7.12  7.12  7.20  7.13  7.22  6.92  6.94  6.94  6.92 

Enrolled  time  to  degree   5.98  5.94  6.06  6.03  6.06  5.91  5.97  5.98  6.00 

Physics  and  astronomy  Ph.D.s.  .  999  970  946  872  825  848  757  743  728 

Total  time  to  degree   8.16  8.20  8.19  8.42  8.31  7.93  8.32  8.04  8.33 

Enrolled  time  to  degree   6.93  7.03  7.01  7.11  7.17  6.93  7.16  7.08  7.28 

Math/computer  science  Ph.D.s.  .  897  865  766  742  722  734  690  663  623 

Total  time  to  degree   8.33  8.03  8.27  8.15  8.57  8.51  8.49  8.50  8.47 

Enrolled  time  to  degree   6.57  6.45  6.51  6.69  6.75  6.86  6  85  7.01  7.03 

Environmental  science  Ph.D.s  .  .  473  496  512  567  521  540  522  472  525 

Total  time  to  degree   9.52  9.58  8.84  9.39  8.97  8.86  9.48  9,64  9.59 

Enrolled  time  to  degree   6.80  6.82  6.64  7.00  6.89  6.97  7.11  7.29  7.24 

Lite  scionce  Ph.D  s   3.350  3.568  3.594  3.531  3.614  3,768  3,949  4,011  4,090 

Total  time  to  degree   8  31  8.29  8.40  8.33  8.29  8.33  8.28  8.34  8.54 

Enrolled  tune  to  degree   6  39  6.44  6.47  6.45  6.51  6.51  6.62  6.72  6.87 

Psychology  Ph  D  s   2,406  2.589  2,732  2.773  2.842  2,873  2,875  3,133  2.904 

Total  time  to  degree   8.82  8.86  8.78  9.03  9.17  9.49  9.72  10.11  10.45 

Enrolled  time  to  degree   6.44  6.43  6.54  6.62  6.78  6.96  7.12  7.24  7.^7 

Economics  Ph  D  s                        739  769  731  694  669  649  628  674  ^87 

Total  time  to  degree   8  78  8.93  9.2?  9.01  9.31  9.37  9.44  9.22  9.38 

Enrolled  time  to  degree   6.40  6.52  6.47  6.72  6,66  6.82  6.88  7.00  7.08 

Politica!  science  Ph  D  s                  770  749  670  604  603  511  482  445  ^39 

Total  time  to  degree   10.65  11  14  10.21  10.83  10.77  11.06  10.84  11.15  11.93 

Enrolled  time  to  degree    ..  6.96  7.22  7.31  7.65  7.55  7,80  7.78  7,89  8.26 

Other  social  science  Ph.D.s      .  1.309  1.374  1,418  1.362  1.278  1.?31  1,231  1.203  1,152 

Total  time  to  degree    10.43  10.28  10.64  10.69  10.85  11.30  11.22  11.40  11.72 

Enrolled  time  to  degree   7.22  7.05^  7.32  7.61  7.63  8  09  7.99  8.27  8.52 

y.OifWCX  f^oiicy  Research  and  Analysts  Oivision,  National  Science  FounOation.  unpublished  tabulations  Irom  Survey  of  Earned  Doctorates. 


1,408 
7.28 
6.18 

749 
8.23 
7.23 

622 
9.29 
7.42 

485 
9.77 
7.64 

3,928 
8.81 
6.89 

3.074 
10.G? 
7.58 

616 
9.69 
7.16 

448 
12.07 
8.34 

1,135 
12.18 
8.81 


I,  372 
7.24 
6.23 

770 
8.18 
7.16 

587 
9.30 
7.14 

483 
9.96 
7.78 

4,003 
9.06 
7.11 

2.946 

II.  03 
7.86 

555 
9.72 
7.35 

441 
11.71 
8.23 

1.061 
12.59 
906 


I,  399 
7.21 
6.33 

734 
8.35 
7.28 

576 
9.51 
7.41 

443 
9.91 
7.66 

3,919 
9.U 
7.12 

2.872 

II.  24 
7.93 

577 
10.04 
7.61 

431 
12.131 
8.84 

1.024 
13.09 
9.30 


I.  378 
7.^.6 
6.27 

745 
8.52 
7.20 

588 
9.42 
7.34 

417 
10.27 
7.85 

3,808 
9.37 
7.16 

2.789 

II.  42 
7.96 

593 
9.95 
7,37 

420 
12.97 
9.04 

1.u28 
13.27 
9.32 


I.  430 
7.39 
6.22 

763 
8.44 
7.25 

fi21 
S.84 
7.49 

426 
10.66 
7.87 

3.683 
9.48 
7.31 

2,798 

II.  72 
8.10 

520 
10.04 
7.64 

403 
12.86 
8.64 

965 
13,55 
9.54 


1,455 
7.^1 
6,27 

806 
8.31 
7.24 

653 
10.40 
7,56 

507 
10.68 
8.08 

3.869 
9.62 
7.38 

2,781 
12.01 
B.25 

540 
10.01 
7.56 

395 
13.10 
*8.92 

955 
14.05 
9.80 


1.377 
7.42 
6.32 

75* 
8.40 
7.24 

752 
10.51 
7.54 

554 
10.63 
7,94 

3.847 
9.90 
7.44 

2.638 
12.17 
8.44 

546 
10.30 
7.55 

413 
12.34 
8.83 

864 
14.10 
9.73 
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Appendix  table  2-19. 

Ratio  of  doctorates  to  bachelors  awards,  lagged  by  time  to  degree 


1  Q7K 

1  y/D 

1  077 

1  Q7fl 

1 Q7Q 

1  afln 

Year  or  doctorate 
1981  1982 

1QGS 

1987 

1988 

1989 

 _    -  .  , 

Porcent- 

Chemistry   

13.7 

11.5 

11.1 

11.0 

12.2 

11.8 

10  7 

■•3.1 

12.4 

12.5 

12.1 

12,6 

12,9 

12.3 

Physics  and  astronomy  

16.5 

15.4 

13.3 

12.5 

12  7 

12.1 

12.1 

12.2 

13.8 

14.4 

13.3 

13.3 

13.7 

13.7 

12.7 

Math  and  computer  sciences  

4.8 

3.9 

3.2 

3.0 

3.1 

3.0 

2.9 

2.8 

2.0 

2.9 

3.1 

3.3 

3.6 

3.9 

4.5 

NA 

NA 

NA 

NA 

18.3 

17.3 

14.5 

14.4 

12.4 

11.5 

10.4 

9.6 

9.3 

10.1 

10.1 

11. 'i» 

10.7 

9.4 

8.7 

3.b 

8.7 

8.1 

7.5 

b.o 

b.4 

o.y 

0.  • 

3.0 

R  Q 

19.]' 

17.6 

15.4 

13.1 

12.0 

10.8 

11  0 

9.3 

9.0 

8.1 

74 

7.1 

7.2 

7.3 

7.2 

6.') 

6.0 

4.7 

4.2 

3.9 

3.9 

4.5 

40 

43 

4.0 

4,.' 

4.1 

3.4 

3.4 

3.4 

NA 

NA 

4.5 

3.8 

2.0 

2.3 

2.0 

2.0 

1.9 

1.8 

1.7 

1.6 

1.6 

1.6 

1.8 

Other  social  sciences'  

NA 

NA 

9.5 

7.8 

6.7 

5.4 

4.6 

4.0 

3.7 

3.3 

3.1 

3.1 

2.9 

2.8 

2.8 

Engineering  

5.0 

4.6 

4.3 

3.4 

3.2 

3.1 

2.8 

2.8 

3.0 

35 

3.7 

L-i.8 

3.6 

3.8 

3.5 

NA   data  not  available 

NOTE*  Soe  appondix  table  2  1 8  for  average  time  to  degree  by  field 

Otht;r  fiocial  scientos  includes  anthropology,  sociology,  history  of  science,  linguistics,  and  other  social  'jcience  liolds. 

SOUHCt:S  Policy  Research  and  Analysis  Division.  National  Science  Foundation,  unpublished  tabulations  from  Survey  of  Earned  Doctorate  and  from  Completion  Survey. 
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Appendix  A.  Appendix  Tables 


Appendix  table  2-20. 

Full-time  science  and  engineering  graduate  students,  by  field  and  source  of  support:  1980-90 

(page  1  of  2) 


1980      1981       1982       1983      1984       1985       1986       1987      1988       1989  1990 


TOTAL  SCIENCE 

AND  ENGINEERING   215,354  219,088  222,770  230,570  232,182  235,593  244,424  248,652  252,643  259,411  267,621 

Federal   44,590  43,098  41,139  42,138  42,018  42,945  45,387  47,202  49,279  51,203  52,875 

National  Science  Foundation .  .  9,278  9,149  9,253  9,494  9,812  10.142  10,793  11,200  11,587  11,861  11,961 

National  Institutes  of  Health ..  .  10,614  10,132  9,583  9,673  9.972  10,083  10,770  11,491  12,377  12,993  13,416 

Other  Health  &  Human  Svcs  .  .  2,148  1,802  1,412  1,114  947  1,164  1.106  1,157  999  1,179  1,250 

Department  of  Defense   5,086  5,485  5,749  6,751  6,873  7,052  7,713  8,563  9,276  8,760  8,357 

Other  Federal   17,464  16,530  15,142  15,106  14,414  14,504  15,005  14,791  15,040  16,410  17,891 

Non-Federal   104,440  109,282  113,486  116,847  120,409  123,923  129,066  130,819  133,663  137,465  141,158 

Self-support   66,324  66,708  68,145  71,585  69,755  68,725  69,971  70,631  69,701  70,743  73,588 

Total  sciences   172,247  172,831  172,537   176,249  176,654  179,310  183,716  186,485  189,243  194,695  201,074 

Federal   33,399  32,124  30,044  30,153  30,428  31,678  33,008  34,082  35,259  36,858  37,968 

National  Science  Foundation .  .  6,867  6,781  6,680  6,813  7,115  7,455  7,663  7,720  7,779  8,085  8,089 

National  Institutes  of  Health ..  .  10,106  9,686  9,180  9,196  9,506  9,628  10,321  10,976  11,802  12,349  12,742 

Other  Health  &  Human  Svcs  .  .  1,991  1,699  1,310  1,016  869  1,095  1,019  1,043  926  1,094  1,128 

Department  of  Defense   2,228  2.325  2,294  2,737  3,065  3,278  3,598  3,978  4,306  3,952  3,741 

OtherFederal   12,207  11,633  10,580  10,391  9,873  10,222  10,407  10,365  10,426  11,378  12,268 

Non-Federal   85,278  87,764  90,066  92,181  94,150  95,717  98,421  99,614  101,951  104,600  107,416 

Self-support   53,570  52,943  52,427  53,915  52,076  51,915  52,287  52,789  52,033  53,237  55,690 

Physical  sciences   22,918  23,308  24,040  25,205  25,852  26,669  27,764  28,414  28,574  29,193  29,573 

Federal   7,707  7,956  7,713  8,126  8,640  8,821  9,523  9,717  9,857  10,247  10,333 

National  Science  Foundation .  .  2,887  3,036  3,114  3,218  3,406  3,516  3,671  3,590  3,656  3,612  3,576 

National  Institutes  of  Health ..  .  1,556  1,432  1,435  1,437  1,506  1,635  1,847  1,930  2,002  1,981  1,972 

Other  Health  &  Human  Svcs  .  .  94  107  83  98  122  161  165  167  150  130  144 

Department  of  Defense   661  753  707  831  1,011  1,024  1,161  1,292  1,475  1,392  1.216 

OtherFederal   2,509  2,628  2,374  2,542  2,595  2,485  2,679  2,738  2,574  3,132  3,42.5 

Non-Federal   13,688  13,803  14,786  15,306  15,531  16,053  16,348  16,694  16,840  17,157  17,248 

Self-support   1.523  1,549  1,541  1,773  1,681  1,795  1.893  2.003  1,877  1,789  1,992 

Mathematics    9,902  10,154  10,823  10,964  11,319  11,833  12,398  13,049  13,523  13.705  13,870 

Federal   868  796  818  760  762  935  999  1,090  1,190  1,211  1,346 

National  Science  Foundation .  .  262  227  228  223  279  321  357  436  463  475  500 

National  Institutes  of  Health.  .  .  34  24  25  28  22  18  19  24  25  28  39 

Other  Health  &  Human  Svcs  .  .  24  11  14  13  4  3  5  6  3  8  10 

Department  of  Defensr   329  343  374  310  304  386  432  438  513  395  367 

OtherFederal   219  191  177  186  153  207  186  186  186  305  430 

Non-Federal   7,137  7,262  7,703  8,004  8,399  8,660  9,083  9,384  9,753  9,994  10,042 

Self-support   1,897  2,096  2,302  2,200  2,158  2,238  2,316  2,575  2,580  2,500  2,482 

Computer  sciences   6,587  7,445  9,171  10,687  11.587  14,101  15,310  15,572  15,596  16,008  16,872 

Federal   953  1,008  1,075  1,130  1,269  1,638  1,892  2,084  2,226  2,361  2,444 

National  Science  Foundation .  .  333  379  389  386  431  502  527  623  634  779  819 

National  Institutes  of  Health ...  66  48  42  26  24  20  43  61  64  53  62 

Other  Health  &  Human  Svcs  ..  6253  1  1  21  079 

Department  of  Defense   298  394  387  475  630  860  1,037  1,137  1,214  1,164  1,129 

OtherFederal   250  185  252  240  183  255  283  262  314  358  425 

Non-Federal   2,696  3,050  3,523  4,050  4,509  5,686  6,127  6,283  6.462  6,602  6,893 

Self-support   2,938  3,387  4,573  5,507  5,809  6.777  7,291  7,205  6,908  7,045  7,535 

Environmental  sciences   10,969  11,038  11,436  12,049  11,819  11,439  11,323  10,543  10,296  10,138  10,295 

Federal   3,442  3,010  2,854  2,874  2.848  2,960  3,033  2,868  2,799  2,863  2.939 

National  Science  Foundation .  .  1,256  1,206  1,192  1.325  1.341  1,374  1,357  1,261  1,236  1,253  1,191 

National  Institutes  of  Health.  .  .  34  20  42  15  30  26  25  24  19  17  21 

Other  Health  &  Human  Svcs  .  .  87  79  35  23  11  15  14  34  32  8  13 

Department  of  Defense   296  310  300  365  372  418  453  499  461  435  409 

OtherFederal   1,769  1,395  1,285  1,146  1,094  1,127  1,184  1,050  1,051  1.150  1,305 

Non-Federal   4,912  5,231  5,474  5,554  5,640  5,561  5,566  5,232  5,379  5.357  5,251 

Self-support   2,615  2,797  3,108  3,621  3,331  2,918  2,724  2,443  2.118  1,918  2,105 


(continued) 
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Appendix  table  2-20. 

FulMime  science  and  engineering  graduate  students,  by  field  and  source  of  support:  19dO»90 

(page  2  of  2) 


1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Life  sciences  

47,908 

47,658 

46,880 

46,948 

47,230 

46,459 

47,407 

47,772 

48,758 

49.910 

50,646 

Federal  

12,743 

12.489 

11,941 

11,914 

11,890 

12,324 

12,867 

13,658 

14,337 

15,162 

15,533 

National  Science  Foundation . . 

1  .d\30 

H  OOC 

1  onQ 

1   1  QO 

1  ,1  Oil 

1,101 

1  171 

1,1/1 

1  1  CR 

1 ,1  00 

1  onn 
1  ,£:UU 

1  1  7C 

1,1/0 

1  one 
1  ,oUb 

1  OQO 

1  ,dod 

National  institutes  of  Health . . . 

b,yoi 

C  Q 

b,/ 1  0 

C  Q7Q 

"7  ncc 

7  4  4  n 

/,1  1  0 

7  CQC 

/,oyb 

Q  nQQ 

Q  1AO 

Q  Q>1Q 

y,o4y 

Q  CQQ 

y.bjy 

Other  Health  &  Hunfian  svcs  .  . 

4U1 

QOQ 

o^iy 

Q  4  C 

01  b 

oo>i 
ddA 

QK7 
00/ 

Q7n 
0  /U 

Q>1 1 

o41 

OCQ 

£:by 

QCC 

obb 

Q7Q 

of  6 

Department  of  Defense  

1  /o 

1  OO 

1  01 

oco 

<:oo 

o>iu 
£:4o 

ono 
£:Uy 

OQ  1 
£101 

Qon 

07C 
£1/0 

3,828 

o,7yo 

o  ccc 

O.OOU 

0,1  yi 

O  i400 

o,4oo 

Q  CQ7 

o.Oo/ 

Q  7QQ 

o,/oo 

Q  QQ1 

o,ool 

Q  QCC 

Q  Q7Q 

o,y /y 

0>1  QQ1 

OK  'Ij  .O 

£10, oO^: 

OC  7QC 

£10, /oD 

OC  OQC 

£:b.£:yb 

OC  7eQ 

OC  oil 
d^,d\  1 

OC  1  CO 

OC  CQQ 

07  1  07 

df  i  \  y  / 

07  Q1Q 

^  /  ,y  1  y 

Self-support  

10,4ob 

1 U,  1  fo 

y,bo7 

9,299 

C\  C\A  A 

y,044 

O  0"70 

o,o7o 

Q  QOQ 

o,0£:y 

7  QCO 

/,yb£: 

7  70Q 

7  CCl 
/,001 

7  1  Q>1 

/,!  y4 

Psychology  

26.692 

26.725 

25.812 

26.701 

26,108 

25,769 

26.521 

27,49/ 

28,480 

30.172 

30,992 

Federal  

3,390 

3,055 

2,414 

2,141 

2,062 

2,057 

2.035 

2.052 

2,173 

2,215 

2,401 

National  Science  Foundation  . . 

o>ic 
i:4b 

one 

i  on 

1  yu 

one 

OQC 
£100 

OQ  1 
£101 

o>ic 
£:4b 

OQQ 

doo 

OQC 

£:ob 

OC1 
^01 

National  Institutes  of  Health .  . . 

1  ,U4o 

QOC 

7H  C 

/lb 

cnn 
bUU 

C>17 

b4/ 

COO 

b^£: 

CQQ 

Ooy 

con 
boU 

7CQ 
/Do 

7on 
/  d\} 

7QC1 

/yy 

other  Health  &  Human  bvcs  .  . 

ooc 
ooo 

7Q7 

1  6t 

cn7 
bU/ 

QQC 

oyb 

4o4 

QC1 

obl 

Q7Q 

0/y 

QC1 
OOl 

4DO 

4/0 

Department  of  Defense  

131 

AAA 
1  44 

1  OQ 
1  £10 

A  1 A 
1  /  4 

i  C7 
10/ 

1  >in 
1 4U 

1  CQ 

1  Oo 

1  77 
1  /  / 

1  DO 

117 

11/ 

1  oy 

H   Hit  O 

1 ,041: 

H  nno 

7K7 

7CQ 
/OO 

ccc 

bob 

coc 
b£:b 

CQC 

byb 

con 
b£:U 

ccn 
bbU 

C7Q 

D  /y 

707 

/u/ 

10, Ooo 

1  u.you 

1  U ,  /  4D 

111  70 

1  1  1 1  /  0 

1  1  .OvU 

I  1  QQQ 

I I  .oyo 

1  O  QAl 
1  ^,OOl 

1  o  1  on 

1  ^.1  a-U 

1  O  QQC 
1  ^,ooO 

\  0  .OH  1 

Self-support  

13,214 

l£:,710 

H  O  CCO 

H  O  OOO 

1o,ooc^ 

4  O  i4  4  C 

l£i,41b 

4  4  o  4  n 

1 1  ,oi y 

4  O  4  O  C 

1  £1,1  £10 

4  O  OCC 
lO,£^00 

1  Q  QOO 

1  o,y£:£: 

1  C  n  1  O 

1  0,U1  £1 

1  c  ocn 
1  o,^:OU 

47.271 

46,503 

44.375 

43.695 

42.739 

43,040 

42,993 

43,638 

44,016 

45.569 

48.826 

4,296 

3,810 

3,229 

3.208 

2,957 

2,943 

2,659 

2,613 

2,677 

2,799 

2,972 

National  Science  Foundation  . . 

544 

461 

o4o 

ooy 

on  4 
oOl 

ooc 

oob 

QCC 

obo 

QCyl 

ob4 

QQO 

oo£: 

AOA 

4£:4 

4DU 

National  Institutes  of  Health . . . 

350 

one 

305 

207 

OHO 

d\d 

O  4  4 
£i1  1 

4  n7 
19/ 

ono 

£^0£^ 

onn 

£^oy 

on7 

on  1 
£:U1 

oi  n 

£11  U 

Other  Health  &  Human  Svcs  . . 

472 

oco 

362 

OOT 

1o9 

4  4  4 
111 

4  O 
1  £14 

1  no 
1  \jd 

lie 
1  1  0 

111 

111 

1  1  o 

11^ 

1  CiA 

1 U4 

340 

O  i4  O 

OC7 

OO  >4 

OOO 

000 

ono 

A  AQ 

1 4o 

1  C>1 

1  04 

1  C7 

lb/ 

1  lA 

1/4 

oni 
^Ul 

O  A'^A 

i:,4o4 

o  i  7n 
£1.1  /O 

£1.1  y4 

o  nn  1 

o  r\Q  A 
£:,Uo4 

1  Q>10 

1  ,o4£: 

1  771 

1  ,/  / 1 

1  Q1  n 

1  ,ol  u 

1  QQQ 
1  ,ooo 

1  QQ7 

1  ,yy  / 

£:^,U/o 

OO  AC.~I 

OO  coo 

OO  OC>l 

OO  1  >1  K 

^i^i.l  40 

OO  1  no 
£1^.1  U£: 

Oo  70C 
dd,l  do 

OQ  C70 

£:o,b/y 

OA  AIA 
fc4,4J4 

OC  Q/iQ 

OR  7QQ 
^0 .  /  dd 

20,897 

on  ooc 

1o.b14 

4  O  4  OO 

1  0,1  00 

4  T  COT 

1 7.bo7 

4  "7  nnc 

1 7,yyo 

4  "7  cnn 
1 7,b09 

1  7  QylC 

1  /,o4b 

1  C  QHC 

1  b,yuo 

1  7  AOO 

1  Q  1  QO 

1  y,lo£: 

Total  engineering  

43,107 

46.257 

50.233 

54,321 

55,528 

56.283 

60.708 

62,167 

63.400 

64,716 

66.547 

11.191 

10.974 

11.095 

11,985 

1 1 ,590 

1 1 ,267 

12,379 

13.120 

14.020 

14,345 

14.907 

National  Science  Foundation  .  . 

2,411 

2,368 

2,573 

2,681 

2,697 

2,687 

3,130 

3,480 

3,808 

3,776 

3.872 

National  Institutes  of  Health . . . 

508 

446 

403 

All 

466 

455 

449 

515 

555 

644 

674 

Other  Health  &  Human  Svcs  .  . 

157 

103 

102 

98 

78 

69 

87 

114 

73 

85 

122 

2.858 

3.160 

3.455 

4.014 

3.808 

3.774 

4.115 

4,585 

4.970 

4,808 

4.616 

Other  Federal  

5,257 

4,897 

4.562 

4.715 

4,541 

4.282 

4,598 

4,426 

4,614 

5.032 

5.623 

19.162 

21,518 

23,420 

24.666 

26,259 

28.206 

30,645 

31,205 

31,712 

32.865 

33,742 

12.754 

13.765 

15.718 

17,670 

17.679 

16.810 

17,684 

17,842 

17.668 

17,506 

17.898 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  Selected  Data  on  Graduate  Students  and  Postdoctorates  in  Science  and  Engineering: 
Fall  1990.  NSF  91-320  (Washington  DC:  NSF.  1991 ).  unpublished  tabulations;  and  annual  series. 

See  figure  2-12.  Science  &  Engineering  Indicators  -1991 


2h4 


254 


Appendix  A,  Appendix  Tables 


Appendix  table  2-21. 

Full-time  science  and  engineering  graduate  students,  by  field  and  mechanism  of  support:  1980-90 

(page  1  of  2) 


1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

TOTAL  SCIENCE 

AND  ENGINEERING  

215,354 

219,088 

222.770 

230.570 

232,182 

235.593 

244.424 

248,652 

252,643 

259.411 

267.621 

Fellowships  

19,455 

19.084 

19,592 

20,041 

20,284 

21,017 

21,571 

20,658 

21.285 

22.095 

23.830 

Traineeships  

10,526 

10.093 

9,130 

8,753 

8,614 

8.620 

8,517 

9,142 

9.428 

9,712 

10.046 

Research  assistantships .  . 

50.140 

51.314 

51.066 

53,396 

55,963 

58.907 

63,782 

67,632 

71,729 

76,005 

77.629 

Teaching  assistantships  .  . 

51.931 

53,769 

56.164 

58.027 

59,095 

59,741 

60,358 

60.709 

61,102 

62.181 

62.646 

Other  types  of  support  .  .  . 

83,302 

84.828 

86,818 

90,353 

88,226 

87.308 

90,196 

90,511 

89,099 

89,418 

93,470 

172,247 

172.831 

172,537 

176,249 

176,654 

179,310 

183.716 

186,485 

189.243 

194,695 

201.074 

Fellowships  

15,698 

14,907 

14,899 

15,194 

15,409 

16,206 

16,625 

15.983 

16.797 

17,383 

18.662 

Traineeships  

9,590 

9.148 

8,322 

7.998 

7.876 

7.860 

7.681 

8.241 

8.506 

8.730 

9.030 

Research  assistantships .  . 

36.133 

36,832 

36.365 

37,758 

39,620 

40.944 

43.296 

45,472 

48.270 

51.402 

52.258 

Teaching  assistantships  .  . 

44.529 

45.480 

46,958 

47.971 

48,535 

48.969 

49.234 

49,602 

49.926 

51,044 

51.638 

Other  types  of  support  .  .  . 

66.297 

66,464 

65,993 

67.328 

65,214 

65,331 

66,880 

67.187 

65.744 

66,136 

69,486 

Physical  sciences  

22.918 

23,308 

24,040 

25.205 

25.852 

26,669 

27,764 

28,414 

28.574 

29,193 

29,573 

Fellowships  

1.803 

1.846 

1,904 

1.929 

2,091 

1,929 

1,895 

1,847 

1,821 

1,992 

2,289 

Traineeships  

409 

455 

433 

399 

357 

418 

524 

541 

502 

599 

695 

Research  assistantships .  . 

8.340 

8.607 

8.768 

9,145 

9.628 

10,284 

10,994 

11,558 

12.056 

12,426 

12.137 

Teaching  assistantships  .  . 

10.248 

10.304 

10.711 

11,270 

1 1 .339 

1 1 ,467 

11,654 

11.752 

1 1 ,600 

11.726 

11,821 

Other  types  of  support  .  .  . 

2,1 18 

2,096 

2,224 

2,462 

2,437 

2.571 

2,697 

2,716 

2,595 

2,450 

2,631 

9.902 

10,154 

10,823 

10,964 

11,319 

1 1 ,833 

12,398 

13,049 

13.523 

13.705 

13.870 

Fellowships  

760 

681 

687 

694 

766 

857 

909 

859 

940 

1,001 

1,103 

145 

134 

126 

124 

159 

149 

12J 

158 

204 

212 

189 

Research  assistantships .  . 

784 

760 

845 

803 

872 

998 

1,038 

1,111 

1,227 

1,305 

1,417 

Teaching  assistantships  .  . 

5.607 

5.748 

6,074 

6.445 

6.624 

6,814 

7.154 

7.461 

7.598 

7,845 

7.803 

Other  types  of  support  .  .  . 

2,606 

2,831 

3.091 

2,898 

2,898 

3,015 

3.169 

3,460 

3,554 

3.342 

3,358 

Computer  sciences  

6,587 

7.445 

9,171 

10,687 

11,587 

14,101 

15,310 

15,572 

15,596 

16,008 

16,872 

Fellowships  

301 

396 

411 

488 

561 

781 

830 

784 

807 

847 

956 

Traineeships  

69 

101 

74 

50 

81 

73 

114 

103 

115 

134 

133 

Research  assistantships .  . 

1.036 

1,098 

1,191 

1.403 

1.635 

2.076 

2.354 

2.837 

3.054 

3,340 

3.341 

Teaching  assistantships  .  . 

1,481 

1,782 

2.074 

2,411 

2.748 

3,216 

3.251 

3.404 

3.434 

3,460 

3.653 

Other  types  of  support  .  .  . 

3.700 

4.068 

5.421 

6,335 

6,562 

7,955 

8,761 

8.444 

8.186 

8,227 

8.789 

10.969 

1 1 .038 

1 1 .436 

12.049 

11,819 

1 1 ,439 

11,323 

10.543 

10.296 

10,138 

10.295 

Fellowships  

876 

844 

892 

880 

962 

982 

846 

741 

778 

770 

791 

Traineeships  

259 

278 

263 

272 

178 

176 

149 

176 

148 

112 

104 

Research  assistantships .  . 

3.770 

3.469 

3.339 

3.545 

3.574 

3.723 

3.834 

3.660 

3.891 

4,164 

4,171 

Teaching  assistantships  .  , 

2.672 

2.651 

2.849 

2.881 

2.865 

2.647 

2,659 

2.498 

2.553 

2.455 

2,387 

Other  types  of  support  .  .  , 

3.392 

3,796 

4,093 

4,471 

4.240 

3,911 

3.835 

3,468 

2.926 

2.637 

2.842 

Life  sciences  

47,908 

47.658 

46.880 

46.948 

47.230 

46.459 

47.407 

47,772 

48.758 

49.910 

50.646 

Fellowships  

4.086 

4.154 

4,141 

4.205 

4.2Q1 

4.586 

4,850 

4.794 

4.736 

5.103 

5,349 

Traineeships  

4.963 

4.755 

4.592 

4.596 

4.486 

4.368 

4.318 

4,563 

4.734 

4.778 

5.005 

Research  assistantships . 

14.334 

14.796 

14,631 

14,857 

15.715 

15.700 

16,846 

17,607 

18.712 

20.014 

20.600 

Teaching  assistantships  . 

10.675 

10,460 

10.669 

10.535 

10,423 

10.328 

9.904 

9.535 

9.521 

9.683 

9.582 

Other  types  of  support  ,  , 

13,850 

13.493 

12.847 

12,755 

12.315 

1 1 .477 

11,489 

11.273 

1 1 .055 

10.332 

10,110 

Psychology  

26.692 

26.725 

25.812 

26.701 

26.108 

25.769 

26.521 

27.497 

28.480 

30.172 

30.992 

Fellowships  

1,601 

1.304 

1,232 

1.270 

1.295 

1.277 

1.422 

1.433 

1.538 

1.506 

1.654 

Traineeships  

2.008 

1.956 

1.794 

1.383 

1 .477 

1.602 

1.328 

1.243 

1.243 

1.180 

1.139 

Research  assistantships . 

2.571 

2.890 

2723 

2.962 

3.027 

3.082 

3.119 

3.231 

3.743 

3.871 

4.089 

Teaching  assistantships  . 

4.779 

5.014 

4.922 

5.007 

5.048 

5.182 

5.365 

5.377 

5.518 

5,783 

5.808 

Other  types  of  support  . 

15.733 

15.561 

15.141 

16.079 

15.261 

14,626 

15,287 

16.213 

16.438 

17.832 

18,302 

(continued) 
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Appendix  table  2-21. 

Full-time  science  and  engineering  graduate  students,  by  field  and  mechanism  of  support:  1980'*90 

(page  2  of  2) 


1  QAn 
1  you 

1QR1 

1  Qf\0 

1 QR^ 

1QR7 

1 QRR 

Social  sciences  

47,271 

46.503 

44.375 

43,695 

42.739 

43.040 

42.993 

43,638 

44,016 

45,569 

48,826 

Fellowships  

6,271 

5,682 

5.632 

5,728 

5,443 

5,794 

5.873 

5,525 

6.177 

6.164 

6,520 

Traineeships  

1.737 

1,469 

1,040 

1.174 

1,138 

1,074 

1,120 

1,457 

1,560 

1,715 

1,765 

Research  assistantships . . 

5.298 

5,212 

4,868 

5.043 

5,169 

5.081 

5.111 

5,468 

5,587 

6,282 

6,503 

Teaching  assistantships  .  . 

9.067 

9.521 

9,659 

9,422 

9,488 

9,315 

9,247 

9.575 

9.702 

10,092 

10,584 

Other  types  ot  support. . . . 

24,898 

£:4,Dl  y 

OO  OOQ 

d  \  ,0U1 

O  1  TVC 

0 1  C  y1 0 

£:1  ,b1o 

on  Qon 

01  QIC 

dx  ,o1  b 

Total  engineering  

43.107 

46.257 

50,233 

54,321 

55.528 

56,283 

60.708 

62,167 

63.400 

64,716 

66.547 

3,757 

4,177 

4,693 

4.847 

4,875 

4,811 

4.946 

4,675 

4.488 

4,712 

5.168 

936 

945 

808 

755 

738 

760 

836 

901 

922 

982 

1,016 

Research  assistantships  .  . 

14.007 

14.482 

14.701 

15,638 

16,343 

17.963 

20,486 

22,160 

23.459 

24,603 

25.371 

Tf^aching  assistantships  .  . 

7,402 

8.289 

9,206 

10.056 

10,560 

10,772 

11,124 

11,107 

11.176 

11,137 

11.008 

Other  types  of  support. . .  . 

17.005 

18,364 

20,825 

23,025 

P3.012 

21,977 

23.316 

23.324 

23,355 

23,282 

23.984 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  Selected  Data  on  Graduate  Students  and  Postdoctorates  in  Science  and  Engineering: 
Fall  1990.  NSF  91  320  (Washington  DC:  NSF.  1991).  unpublished  tabulations;  and  annual  series. 
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Appendix  A.  Appendix  Tables 


Appendix  table  2-22. 

Fulhtime  science  and  engineering  graduate  students,  by  source  and  mechanism  of  support:  1980-89 

(page  1  of  4) 


1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Total 

science  and  engineering 

TOTAL  S'JPPORT  

215.354 

219.088 

222,844 

230,621 

232,230 

235.615 

244,526 

248,730 

252, /49 

259,575 

19.455 

19.084 

19,640 

20,184 

20,448 

21,126 

21.997 

20,894 

21 .506 

22,645 

10,526 

10.093 

9.122 

8,735 

8,615 

8,610 

8,503 

9.128 

9,425 

9,557 

Research  assislantships  

50,140 

51.314 

51,081 

53,412 

55,976 

58,930 

63,813 

67,681 

71,776 

75.924 

51.931 

53,769 

56,161 

58,020 

59,091 

59,730 

60,360 

60,730 

61 ,120 

62,154 

Mechanism  unknown   

83  302 

84,828 

36,840 

90,270 

88,100 

87,219 

89,853 

90,297 

88,922 

89,295 

Total  Federal  support  

44.590 

43.098 

41,145 

42,145 

42,024 

42,950 

45.398 

47,242 

49,326 

51,171 

4.204 

3,790 

3,659 

3,765 

3,790 

4,025 

4,246 

4,086 

4,21 1 

4,866 

Traineeships  

6,797 

6.105 

5,328 

4939 

4,705 

4,502 

4,372 

4,590 

4,504 

4,618 

Research  assistantships  

28.718 

28.527 

27.723 

28.580 

28,822 

29.643 

31,915 

33,961 

35,680 

37,186 

Teaching  assistantships  

542 

506 

345 

405 

271 

477 

423 

341 

435 

A  A^ 

447 

Mechanism  unknown 

4.329 

4.170 

4,090 

4,456 

4,436 

4,303 

4,442 

4.264 

4,496 

4.054 

National  Science  Foundation  

9.278 

9.149 

9,255 

9,494 

9,813 

10,143 

10,795 

1 1 ,202 

11.590 

1 1 ,844 

1.312 

1.262 

1,288 

1,290 

1,321 

1,377 

1,492 

1,479 

1,576 

1,765 

215 

143 

89 

61 

49 

50 

26 

66 

62 

83 

Research  assistantships  

7.615 

7.585 

7,738 

8,054 

8,268 

8,547 

9,075 

9.470 

9,800 

9,838 

Teaching  assistantships  

35 

61 

27 

25 

28 

43 

74 

26 

58 

68 

Mfirhan.ism  unknown   

101 

98 

113 

64 

147 

126 

128 

161 

94 

90 

National  Institutes  of  Health  

10.614 

10,132 

9,583 

9,673 

9.972 

10,083 

10.770 

11,527 

12,408 

1 3.023 

673 

546 

456 

469 

518 

509 

531 

557 

564 

554 

Traineeships  

4.526 

4,166 

3,954 

3,788 

3,747 

3,609 

3,459 

3.650 

3.61 1 

3,559 

Research  assistantships  

5.071 

5,144 

4,942 

5,106 

5,391 

5,682 

6,495 

6,977 

7,865 

8,545 

Teaching  assistantships  

72 

64 

32 

72 

38 

53 

67 

79 

106 

110 

Mechanism  unknown   

272 

212 

199 

238 

278 

230 

218 

264 

262 

255 

Other  Health  and  Human  Services  .  . 

2,148 

1.802 

1,412 

1,114 

947 

1,164 

1,106 

1,')40 

1,000 

1 ,132 

337 

210 

161 

132 

123 

132 

100 

93 

69 

97 

Traineeships  

1.159 

1,021 

727 

434 

303 

312 

341 

279 

272 

265 

Research  assistantships  

502 

502 

439 

477 

474 

610 

595 

713 

632 

745 

Teaching  assistantships  

22 

6 

30 

12 

3 

7 

2 

12 

3 

6 

Mprh;)niQm  unknown 

128 

63 

55 

59 

44 

103 

68 

43 

24 

19 

Department  of  Defense  

5.086 

5,485 

5,749 

6,751 

6,873 

7,052 

7,713 

8,565 

9,277 

8,886 

Fellowships  

196 

161 

182 

245 

207 

237 

275 

346 

332 

495 

Traineeships  

65 

67 

27 

27 

36 

36 

72 

113 

121 

96 

Research  assistantships  

2.927 

3.287 

3.448 

3,904 

4,051 

4.152 

4,608 

5,559 

5,974 

5,778 

Teaching  assistantships  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mprh^niQm  unknown 

1  898 

1,970 

2,092 

2,575 

2,579 

2,627 

2,758 

2,547 

2,850 

2,517 

Other  Federal  

.  17.464 

16.530 

15,146 

15,113 

14,419 

14.508 

15,014 

14,808 

15,051 

16,286 

Fellowships  

1,686 

1.611 

1,572 

1,629 

1,621 

1,770 

1,848 

1,611 

1,670 

1,955 

Traineeships  

832 

708 

1 

coo 

0  /  u 

495 

474 

482 

438 

615 

Research  assistantships  

12.603 

12,009 

11.156 

11.039 

10,638 

10,652 

1 1,142 

11,242 

1 1 ,409 

12,280 

Teaching  assistantships  

413 

375 

256 

296 

202 

374 

280 

224 

268 

263 

Mechanism  unknown  

1 ,827 

1.631 

1,520 

1,388 

1  ,^  fyJ 

1  ,^DD 

1  ,  1  /  o 

Non-Federal  support  

104,440 

109,282 

113.532 

116,884 

120,457 

123,958 

129,134 

130.8<.'3 

133,734 

137,258 

Fellowships  

15.251 

15,294 

15,981 

16.419 

16.658 

17,101 

17,751 

16.808 

17,295 

17.779 

3.729 

3.988 

3,794 

3,796 

3.910 

4,108 

4,131 

4,538 

4,921 

4,939 

Research  assistantships  

21.422 

22787 

23.358 

24,832 

27.154 

29,287 

31,898 

33720 

36,096 

38,738 

Teaching  assistantships  

51.389 

53,263 

55.816 

57,615 

58.820 

59.253 

59.937 

60,389 

60.685 

61,707 

Mechanism  unknown  

12.649 

13,950 

14.583 

14,222 

13,915 

14.209 

15.417 

15.393 

14,737 

14,095 

(continued) 
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Appendix  table  2-22. 

FulHime  science  and  engineering  graduate  students,  by  source  and  mechanism  of  support:  1880-89 

(page  2  of  4) 


1980 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


1988  1989 


Self-support   66,324  66,708  68,167  71,592 

Fellowships   0  0  0  0 

Traineeships   0  0  0  0 

Research  assistantships   0  0  0  0 

Teaching  assistantships   0  0  0  0 

l\/lechanism  unknown   66,324  66,708  68,167  71,592 

TOTAL  SUPPORT   172,247  172,831 

Fellowships   15,698  14,907  14,947  15,337 

Traineeships   9,590  9,148  8,309  7,980 

Research  assistantships   36,133  36,832  36,380  37,774 

Teaching  assistantships   44,529  45,480  46,955  47,961 

l\/lechanism  unknown   66,297  66,464  66,014  67,242 

Total  Federal  support   33,399  32,124  30,050  30,160 

Fellowships   3,557  3,156  2,948  2,981 

Traineeships   6,387  5,788  5,061  4,673 

Research  assistantships   20,170  19,992  19,146  19,570 

Teaching  assistantships   403  406  305  365 

Mechanism  unknown   2,882  2,782  2,590  2,571 

National  Science  Foundation   6,867  6,781  6,682  6,813 

Fellowships   1,141  1 , 094  1 ,035  1 ,030 

Traineeships   183  132  87  60 

Research  assistantships   5,444  5,449  5,449  5,642 

Teaching  assistantships   31  31  21  22 

Mechanism  unknown   68  75  90  59 

National  Institutes  of  Health   10,106  9,686  9,180  9,196 

Fellowships   665  539  447  453 

Traineeships   4,382  4,039  3,876  3,688 

Research  assistantships   4,738  4,851  4,631  4,754 

Teaching  assistantships   70  60  32  69 

Mechanism  unknown   251  197  194  232 

Other  Health  and  Human  Services   1 ,991  1 ,699  1 ,31 0  1 ,016 

Fellowships   278  185  139  102 

Traineeships   1,118  993  708  427 

Research  assistantships   448  459  388  421 

Teaching  assistantships   21  6  27  12 

Mechanism  unknown   126  56  48  54 

Department  of  Defense   2,228  2,325  2,294  2,737 

Fellowships   143  86  88  145 

Traineeships   52  36  5  26 

Research  assistantships   1,241  1,384  1,366  1,579 

Teaching  assistantships   0  0  0  0 

Mechanism  unknown   792  819  835  987 

Other  Federal   12,207  11,633  10,584  10,398 

Fellowships   1.330  1,252  1,239  1,251 

Traineeships   652  588  385  472 

Research  assistantships   8,299  7,849  7,312  7,174 

Teaching  assistantships   281  309  225  262 

Mechanism  unknown   1,645  1,635  1,423  1.239 


69,749    68,707     69,994    70,640     69,689  71,146 


0 
0 
0 
0 

69,749 


0 
0 
0 
0 

68,707 


0 
0 
0 
0 

69,994 


0 
0 
0 
0 

70,640 


0 
0 
0 
0 

69,689 


0 
0 
0 
0 

71,146 


Total  sciences 


172,605   176,294    176,691   179,322   183,800  186,501    189,271  194,995 


15,573 
7,877 
39,631 
48,528 
65,082 

30,434 
2,981 
4,492 

20,146 
251 
2,564 

7,116 
1,055 
45 
5,897 
26 
93 

9,506 
486 
3,677 
5,037 
36 
270 

869 
93 
299 
431 
3 
43 

3,065 
87 
16 

1,905 
0 

1,057 

9,878 
1,260 

455 
6,876 

186 
1,101 


16,315 
7,850 
40,965 
48,958 
65,234 

31,683 
3,221 
4,286 

21,216 
383 
2,577 

7,456 
1,114 
37 
6,192 
31 
82 

9,628 
477 
3,518 
5,355 
52 
226 

1,095 
112 
306 
567 
7 

103 

3,278 
115 
25 
1,983 
0 

1,156 

10,226 
1,403 

400 
7,119 

293 
1,011 


17,051 
7,667 
43,323 
49,236 
66,523 

33,019 
3,416 
4,165 

22,357 
391 
2,690 

7,665 
1,231 
25 
6,262 
69 
78 

10,321 
515 
3,372 
6,160 
66 
208 

1,019 
71 
325 
554 
2 
67 

3,598 
167 
38 
2,085 
0 

1,308 

10,416 
1,432 

405 
7,296 

254 
1,029 


16,204 
8,227 
45,512 
49,605 
66,953 

34,111 
3,255 
4,333 

23.590 
317 
2,616 

7,722 
1,187 

58 
6,345 

24 
108 

11,012 
540 
3,551 
6,593 
79 
249 

1,026 
81 
266 
630 
12 
37 

3,978 
194 
74 
2,518 
0 

1,192 

10,373 
1,253 

384 
7,504 

202 
1,030 


17,007 
8,498 
4b,308 
49,924 
65,534 

35,2?5 
3,334 
4,288 

24,700 
361 
2,612 

7,782 
1,223 
54 
6,395 
35 
75 

11,853 
531 
3,552 
7,406 
106 
258 

927 
64 
263 
576 
1 

23 

4,305 
187 
71 
2,868 
0 

1,179 

10,428 
1,329 

348 
7,455 

219 
1,077 


17,864 
8,575 
51,288 
51,014 
66,254 

36,918 
3,860 
4,379 

25,904 
373 
2,402 

8,068 
1,347 
63 
6,539 
52 
67 

12,379 
523 
3,491 
8,008 
110 
247 

1,058 
89 
255 
689 
6 
19 

4,066 
338 
44 
2,618 
0 

1,066 

1 1 ,347 
1,563 

526 
8,050 

205 
1,003 
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Appendix  table  2-22. 

Full-time  science  and  engineering  graduate  students,  by  source  and  mechanism  of  support:  1980-89 

(page  3  of  4) 


1980 


1981 


1982 


1983 


1984  1985 


1986 


1987 


Non-Federal  support   85,278  87.764  90,107  92,215  94.192  95.750 

Fellowships   12,141  11.751  11.999  12,356  12,592  13,094 

Traineeships   3,203  3.360  3,248  3.307  3,385  3,564 

Research  assislanlships   15.963  16,840  17,234  18.204  19,485  19.749 

Teaching  assislantships   44.126  46.074  46.650  47.596  48,277  48.575 

Mechanism  unknown   9.845  10,739  10.976  10.752  10.453  10.768 


98,483 
13.635 
3,502 
20,966 
48.845 
11.535 


99.612 
12.949 
3.894 
21.922 
49.288 
11,559 


1988 


101.986 
13.673 
4.210 
23,608 
49,563 
10.932 


1989 


104.623 
14.004 
4.196 
25.384 
50,641 
10.398 


Self-support   53.570    52,943    52.448     53,919  52.065    51,889     52.298    52,778     51,990  53.454 

Fellowships   0          0          0           0  0          0           0          0           0  0 

Traineeships   0          0          0          0  0          0          0          0          0  0 

Research  assistanlships   0000  000000 

Teaching  assistanlships   0          0          0           0  0          0          0          0          0  0 

Mechanism  unknown   53.570    52,943    52.448     53.919  52.065    51.889     52.298    52,778     51,990  53,454 


Total  engineering 


TOTAL  SUPPORT   43.107  46,257  50,239 

Fellowships   3J57  4,177  4.693 

Traineeships   936  945  813 

Research  assislanlships   1 4.007  1 4.482  1 4.701 

Teaching  assislantships   7.402  8.289  9.206 

Mechanism  unknown   17.005  18.364  20.826 


54.327 
4.847 
755 
15.638 
10.059 
23.028 


55.539 
4,875 
738 
16.345 
10.563 
23.018 


56,293 
4,811 
760 

17,965 
10,772 
21,986 


4.946  4.690 

836  901 

20.490  22,169 

11,124  11,125 

23.330  2L'.344 


Total  Federal  support   11.191 

Fellowships  

Traineeships  

Research  assistanlships  

Teaching  assislantships  

Mechanism  unknown  

National  Science  Foundation  

Fellowships  

Traineeships  

Research  assistanlships  

Teaching  assistanlships  

Mechanism  unknown  

National  Institutes  of  Health  

Fellowships  

Traineeships  

Research  assislantships  

Teaching  assislantships  

Mechanism  unknown  

Other  Health  and  Human  Services  .... 

Fellowships  

Traineeships  

Research  assistanlships  

Teaching  assistanlships  

Mechanism  unknown  

Department  of  Defense  

Fellowships  

Traineeships  

Research  assistanlships  

Teaching  assistanlships  

Mechanism  unknown  


60,726    62.229     63.478  64.580 


4.499  4.781 

927  982 

23.468  24.636 

11.196  11,140 

23.388  23,041 


10.974     11.095     11.985     11.590     11.267     12,379     13.t3l     14.031  14.253 


64. 

ISO  A 

d34 

fl  1 

*7Q>1 

ouy 

CI  Ay| 

oU4 

Of  ( 

1  nnR 

410 

317 

267 

266 

213 

216 

207 

257 

216 

239 

8,548 

8.535 

8.577 

9.010 

8,676 

8.427 

9.558 

10,37\ 

10.080 

11.282 

139 

100 

40 

40 

20 

94 

32 

24 

74 

74 

1.447 

1,388 

1.500 

1.885 

1.872 

1.726 

1.;'52 

1.M8 

1.884 

1.652 

2,411 

2.368 

2,573 

2.681 

2.697 

2,637 

3.  no 

3,^fi0 

3.800 

3.776 

171 

168 

253 

260 

266 

263 

261 

292 

353 

418 

32 

11 

2 

1 

4 

13 

1 

8 

20 

2.171 

2,136 

2,269 

2.412 

2.371 

2,365 

2.813 

3./J05 

3.299 

4 

30 

6 

3 

2 

12 

5 

2 

23 

16 

33 

23 

23 

5 

54 

44 

50 

53 

23 

508 

446 

403 

477 

46G 

455 

4^9 

bn 

644 

8 

7 

9 

16 

32 

32 

V:, 

17 

:i3 

31 

144 

127 

76 

100 

70 

9( 

87 

90 

5P 

68 

333 

293 

311 

352 

354 

327 

33ii 

384 

459 

537 

2 

4 

0 

3 

2 

1 

0 

r. 

0 

21 

15 

5 

6 

4 

10 

15 

4 

8 

157 

103 

102 

98 

78 

69 

B7 

114 

73 

74 

59 

25 

22 

30 

30 

20 

29 

5 

6 

41 

28 

19 

7 

6 

iG 

13 

9 

10 

54 

43 

51 

5') 

43 

4?. 

41 

83 

56 

56 

1 

0 

3 

I 

0 

0 

0 

C 

2 

0 

2 

7 

7 

5 

1 

0 

1 

6 

1 

0 

2.858 

3.160 

3.455 

4.014 

3.808 

3./74 

4.115 

4,587 

4.972 

4.820 

53 

75 

94 

10C 

120 

122 

108 

ir^2 

145 

157 

13 

31 

22 

1 

20 

11 

34 

39 

50 

52 

1,686 

1,903 

2.082 

2.325 

2.146 

2.169 

2,523 

3.041 

3,106 

3,160 

0 

0 

0 

0 

0 

0 

0 

0 

A 

0 

1.106 

M51 

1,257 

1,o88 

1.522 

\A72 

1,4'?0 

1,355 

1.^71 

1,451 

(coiitiriuatl) 
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Appendix  table  2-22. 

Full-time  science  and  engineering  graduate  students,  by  source  and  mechanism  of  support:  1980^89 

(page  4  of  4) 


1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

4,897 

4,562 

4  715 

4,541 

4  ?82 

4,598 

4,435 

4,623 

4,939 

Po  1 1  ntAic  h  in  c 

359 

37A 

361 

367 

d1 6 

358 

341 

39P 

Train  fip<?hin<? 

180 

120 

146 

157 

115 

95 

69 

98 

90 

89 

Rpcparrh  aQQi^tant^hinQ 

4  304 

4,160 

3,844 

3,865 

3,762 

3,533 

3,846 

3,738 

3,954 

4,230 

132 

66 

31 

34 

16 

81 

26 

22 

49 

58 

285 

192 

208 

281 

287 

206 

241 

219 

189 

170 

Non-Federal  suDDort . 

19,162 

21 ,518 

23,425 

24,669 

26,265 

28,208 

30,651 

31,236 

31,748 

32,635 

Fellowships   

3,110 

3,543 

3.982 

4,063 

4,066 

4,007 

4,116 

3,859 

3,622 

3,775 

TralnB'^shlD<5 

526 

628 

546 

489 

525 

544 

629 

644 

7i1 

743 

5  459 

5,947 

6,124 

6,628 

7.669 

9,538 

10.932 

1 1 .798 

12,488 

13,354 

T:;aching  assistantships  

7,263 

8,189 

9,166 

10,019 

10,543 

10,678 

11,092 

11,101 

11J22 

1 1 ,066 

2,804 

3,211 

3,607 

3.470 

3,462 

3,441 

3,882 

3,834 

3.805 

3,697 

Self-support  

12,754 

13,765 

15,719 

17,673 

17,684 

16,818 

17,696 

17,862 

17,699 

17,692 

Fellowships  

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

Traineeships  

0 

0 

0 

0 

0 

0 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Teaching  assistantships  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mechanism  unknown  

.  .  .  12.754 

13.765 

15.719 

17,673 

17.684 

16.818 

17,696 

17,862 

17,699 

17,692 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation,  Selected  Data  on  Graduate  Students  and  Postdoctorates  in  Science  and  Engineering: 
Fall  1990,  NSF  91-320  (Washington  DC:  NSF.  1991),  unpublished  tabulations;  and  annual  series. 
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Appendix  table  2-23. 

Science  and  engineering  graduate  students,  by  field  and  citizenship:  1983-90 


1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Total 

Total  science  &  engineering . .  . 

349,547 

352,027 

360,722 

370,487 

376,632 

378.274 

386,047 

401,569 

Total  sciences  

257,610 

258,383 

263,771 

267,416 

271,988 

274.555 

281,232 

292,270 

Physical  sciences  

29,466 

30,064 

30.996 

32.260 

32,738 

32,972 

33,628 

34.337 

Mathematics  

17,397 

17,478 

17,613 

17.990 

18,573 

19.141 

19,382 

19,884 

Computer  sciences  

23,616 

25.810 

29,844 

31,425 

32,137 

32,787 

32,846 

34,507 

Environmental  sciences  .  . . 

15,544 

15,612 

15,545 

15,163 

14,522 

14,032 

13,848 

14,159 

58,345 

58,233 

57,918 

58,545 

59,456 

59.316 

60,655 

62,104 

Psychology  

41.039 

41.074 

41,308 

41,561 

42,888 

44.389 

46,304 

48.659 

Social  sciences  

72,203 

70,112 

70,548 

70.482 

71 .674 

71,918 

74,56^ 

78,620 

Total  engineering  

91.937 

93.644 

96.951 

103,071 

104,644 

103.719 

104,815 

109,299 

U,S,  citizens 

Total  science  &  engineenng.  .  . 

278,994 

279,554 

283,741 

286,279 

287,606 

284,243 

287.681 

299.110 

Total  sciences  

214.676 

213,916 

215,725 

215,349 

216,457 

215.893 

219731 

227.938 

21,805 

22,017 

22,054 

22232 

22,110 

21.860 

21,820 

21.826 

Mathematics  

12,442 

12,285 

12,262 

12,179 

12,443 

12,716 

12,711 

13.443 

Conr^puter  sciences  

18.068 

19.451 

22.386 

23,419 

23,409 

23.717 

23,122 

23.778 

Environmental  sciences  .  .  . 

13,679 

13,808 

13.651 

13,067 

12,299 

11,589 

11,247 

•11,442 

Life  sciences  

49.567 

49,208 

48.366 

47,918 

47,785 

46.612 

46.878 

47.391 

Psychology  

39.605 

39,685 

39,811 

40,047 

41,346 

42,726 

44.652 

46,819 

Social  sciences  

59,510 

57.462 

57,195 

56,487 

57,065 

56,673 

59,301 

63.239 

Total  engineering  

64,318 

65,638 

68.016 

70,930 

71,149 

68.350 

67,950 

7i.172 

Foreign  citizens 

Total  science  &  engineering.  .  . 

70,553 

72.473 

76,981 

84,208 

89.026 

94,031 

98.366 

102.459 

42.934 

44,467 

48.046 

52,067 

55.531 

58.662 

61,501 

64.332 

Physical  sciences  

7,661 

8.047 

8.941 

10,028 

10,628 

11,112 

11,808 

12,511 

4,955 

5.193 

5,351 

5.811 

6.130 

6.425 

6.671 

6.441 

Computer  sciences  

5.548 

6,359 

7.458 

8.006 

8.728 

9.070 

9.724 

10,729 

Environmental  sciences  .  .  . 

1.865 

1,804 

1,894 

2.096 

2,223 

2.443 

2.601 

2,717 

8.778 

9.025 

9,552 

10.627 

1 1 ,671 

12.704 

13.777 

14,713 

Psychology  

1,434 

1.389 

1.497 

1.504 

1.542 

1.663 

1.652 

1.840 

Social  sciences  

12,693 

12,650 

13,353 

13,995 

14,609 

15.245 

15.268 

15,381 

Total  engineering  

27.619 

28,006 

28,935 

32.141 

33.495 

35,369 

36.865 

38,127 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation,  Selected  Data  on  Graduate  Students  and  Postdoctorates  in  Science  and  Engineering: 
Fall  1900.  MSF  91-320  (Washington  DC:  NSF,  1991),  unpublished  tabulations;  and  annual  series. 

S«e  figuie  2-14  and  figure  0-1 7  in  Overview  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  2-24 

Science  and  engin^ehng  doctoval  recipiRnts,  by  field  and  citizenship:  1980»90 
(page  1  of  2) 


1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Total 

Total,  all  doctorates  

31.020 

31,357 

31,111 

31.282 

31.337 

31,297 

31.895 

32.364 

33,490 

34,319 

36.027 

Total  science  and  engineering  . . 

17,523 

17,996 

18.017 

18.393 

18,514 

18.712 

19.251 

19.707 

20.741 

21,530 

22,673 

15.044 

15,468 

15,371 

15.612 

15.601 

15,546 

15.875 

15,995 

16,551 

16.986 

17.781 

2.521 

2,627 

2.694 

2.802 

2.845 

2.916 

3.090 

3,212 

3.317 

3.244 

3.494 

Mathematics  

744 

728 

720 

701 

698 

688 

729 

740 

749 

859 

892 

Computer  sciences  

218 

232 

220 

286 

295 

310 

399 

450 

515 

612 

704 

Environmental  sciences  .... 

628 

583 

657 

637 

614 

617 

589 

628 

728 

740 

769 

Life  sciences  

4.715 

4,786 

4.844 

4.756 

4,877 

4,904 

4,805 

4,816 

5.127 

5,203 

5.509 

3.098 

3,358 

3.159 

3.347 

3.257 

3,117 

3.124 

3.169 

3,064 

3.203 

3.267 

3.120 

3.154 

3.077 

3.083 

3,015 

2.994 

3.139 

2.980 

3,051 

3,125 

3,146 

Total  engineering  

2.479 

2,528 

2.646 

2.781 

2.913 

3.166 

3,376 

3.712 

4.190 

4.544 

4.892 

U.S.  citizens 

25.222 

25,061 

24.391 

34.259 

34.027 

23.370 

23.081 

22.983 

23.287 

23.398 

24,190 

Total  science  and  engineering  .  . 

13.400 

13,544 

13,292 

13.413 

13,250 

12.947 

12,869 

12,820 

12.217 

13.311 

13.618 

Total  sciences  

12,145 

12,374 

12.123 

12.250 

12.011 

11,668 

1 1 .486 

11.262 

10.436 

11.447 

1 1 .691 

1.884 

1,956 

1.991 

2,064 

2.071 

2,043 

2.014 

2.080 

2.100 

1.973 

2.077 

520 

482 

458 

411 

407 

376 

366 

345 

342 

393 

369 

Computer  sciences  

156 

168 

143 

180 

178 

189 

202 

243 

284 

338 

343 

Environmental  sciences  . .  . 

512 

472 

528 

483 

474 

442 

422 

425 

511 

529 

521 

Life  sciencrs  

3.849 

3.891 

3.964 

3.869 

3.910 

3,831 

3,703 

3,566 

2.670 

3.724 

3.726 

Psychology  

2.849 

3,111 

2.876 

3.044 

2.935 

2.805 

2.766 

2.747 

2.667 

2.684 

2.790 

Social  sciences  

2,375 

2,294 

2,163 

2.199 

2,036 

1.982 

2.013 

1.856 

1.862 

1.806 

1.865 

Total  engineering  

1.255 

1.170 

1.169 

1,163 

1.239 

1.279 

1.383 

1,558 

1.781 

1,864 

1.927 

Permanent  residents 

Total,  all  doctorates  

1.290 

1.281 

1.228 

1.275 

1.224 

1,324 

1.432 

1,578 

1.624 

1,626 

1,654 

Total  science  and  engineering  .  . 

952 

893 

854 

898 

835 

929 

987 

1.086 

1.129 

1.121 

1,158 

653 

592 

558 

579 

561 

614 

644 

731 

762 

756 

782 

Physical  sciences  

151 

147 

119 

120 

119 

135 

133 

147 

136 

146 

167 

62 

43 

41 

46 

36 

42 

36 

51 

35 

47 

Computer  sciences  

13 

20 

12 

27 

17 

24 

47 

32 

42 

58 

53 

Environmental  sciences  . . . . 

26 

16 

29 

30 

25 

32 

24 

25 

31 

30 

23 

186 

159 

140 

150 

149 

151 

165 

208 

263 

227 

241 

50 

47 

47 

64 

51 

59 

65 

59 

61 

54 

69 

165 

160 

170 

142 

164 

171 

174 

209 

185 

206 

182 

Total  engineering  

299 

301 

296 

319 

274 

315 

343 

355 

367 

365 

376 

(continued) 
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Appendix  table  2-24. 

Science  and  engineering  doctoral  recipients,  by  field  and  citizenship:  1980-90 

{page  2  of  2) 


1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Temporary  residents 

Total,  all  doctorates  

3.644 

3.940 

4.204 

4.499 

4.832 

5,228 

5,276 

4.610 

6.195 

6.648 

7,744 

Total  science  and  engineering  .  . 

2,710 

2,962 

3,127 

3,400 

3,G92 

4.028 

4,141 

4,450 

4,920 

5,378 

6,286 

Total  sciences  

1.859 

2.020 

2,097 

2.230 

2.423 

2,609 

2.769 

2.918 

3.198 

3,437 

4,095 

426 

442 

506 

539 

564 

620 

I'-'Q 

798 

865 

888 

1,021 

139 

186 

192 

209 

232 

238 

272 

302 

305 

346 

413 

43 

40 

59 

72 

89 

89 

123 

143 

176 

178 

263 

Environmental  sciences  . .  .  . 

80 

85 

81 

106 

106 

119 

106 

125 

137 

124 

171 

592 

613 

603 

629 

675 

779 

711 

781 

902 

964 

1.245 

Psychology  

71 

80 

65 

79 

88 

81 

81 

35 

84 

106 

116 

508 

574 

591 

596 

669 

683 

718 

684 

729 

831 

866 

Total  engineering  

851 

942 

1.030 

1.170 

1.269 

1.419 

1.372 

1,532 

1.722 

1.941 

2,191 

Includes  those  who  did  not  report  their  citizenship  status. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  unpublishod  tabulations  from  the  Si^n/ey  of  Earned  Doctorates. 

See  figure  2-14  and  figure  0-17  in  Overview.  Science  &  Engineering  Indicators  -  1991 


Appendix  table  2-25. 

Natural  science  and  engineering  bachelors  degrees,  by  country:  1975-90 


1975 


1976 


1977 


1978 


1979 


1980  1981 


1982 


1983 


1984 


1985 


1986 


1987 


1988 


1989 


1990 


Natural  sciences 


Nortn  America  and  USSR 

Canada   8.338  9.019 

United  States   117.988  121.722 

USSR   98.800  102.171 

Europe 

France    6.746  6.821 

Italy   10.915  11.293 

Sweden   906  898 

United  Kingdom   17.280  17.280 

West  Germany   6.510  6,426 

Asia 

China   NA  NA 

indta   123.353  118.671 

Japan   18  984  19.977 

Singapore   466  490 

South  Korea   5.657  5.791 

Taiwan.  _  _  3.700  4.111 

North  Anu'nca  and  USSR 

Canada    4.584  4.842 

United  States   40.065  39.114 

USSR   272.100  280.400 

Europo 

France   9.956  10.264 

Italy    6.949  10,808 

Swodpn   1.724  1.796 

Ur  »tf?fl  Kingdom   10.087  10.087 

West  Germany   3.810  4.242 

Asia 

Cfiina   NA  NA 

India    14.607  15.217 

Japan    66.512  68.126 

Situjapote   236  241 

Soiitli  Korea    7.155  7.272 

Ta'wan  5.0G0  5.142 


9.559 
123.087 
105,738 


7.064 
11,372 
810 
17.937 

7.239 


NA 

114.223 
20,689 
335 
6.175 
3.946 


9,803 
121.861 
108,981 


7,316 
11.120 
733 
lti.287 

7.618 


NA 

110.004 
21.625 
347 
6,699 
4.126 


9.312 
120,621 
111,521 


7.576 
10,267 
718 
18.562 

7.571 


NA 
106.004 
23.871 
528 
7.279 
4,151 


9.210  8.818 
119.645  120.387 
116.700  119,200 


7.846 
10,735 
628 
18.850 

8,043 


NA 
109.217 
22.736 
573 
7.922 
4.334 


8,126 
1 1 ,268 
582 
21,425 

8.939 


9.456 
123,346 
121,000 


8,415 
11.417 
583 
22.107 

9,266 


10.041  11.331  12.876  14.200  14,039  14,456  13.966  NA 
125,712  131.163  138.275  138.993  134,984  125.531  116.343  NA 
121.200    122,800     122,400   119.228  106,400  106.700  NA  NA 


8.715  9.406  10.009  11,391  12,068  12,391 

1 1 .062  1 1 ,6b7  1 1 ,971  1 2.047  1 2.765  1 3.01 2 

740  857  913  1,075  1,256  1.347 

19.098  18.634  18.060  17.471  16.663  16,434 

10.124  10,802  11,507  12,419  12,925  14,714 


13,270  14,320 

NA  NA 

NA  NA 

NA  NA 

NA  NA 


NA 
112.669 
23,358 
460 
9.006 
4.341 


76.842 
116.232 
22.771 
577 
10.448 
4.491 


40,301  35  481  36,493  39,773    42.082        NA  NA  NA 

119.912  123,165  128.236  129,964  133.257  137.4^  ^  NA  NA 

22.381  23.423  23.626  23,805    24,655   23,972  23,547  NA 

663  726  854  945     1.012       982  1.166  1.278 

11.394  12,486  15.068  15.235    16,626   21.547  22,550  23.195 

4.674  4.661  4.987  5.251      5,472     5.990  NA  NA 


Engineering 


5.155 
41.581 
291,400 


10.176 
10.798 

1.745 
10.930 

4.499 


NA 

15.852 
70.431 
290 
7.858 
5.258 


5.923 
47.411 
300.100 


10.429 
10.788 

1.695 
11.937 

5.105 


NA 
16.514 
72.466 
240 
8.919 
5.559 


6.696 
53.720 
306.800 


11.100 
10.777 

1.713 
12.575 

5.120 


NA 

17.235 
75.409 
272 
10.124 
6.315 


7.228  7.226 
59.240  64,068 
319.800  327.000 


7,348 
67.791 
330,300 


11.548 
10.767 

1.766 
13.248 

5,449 


NA 
17.921 
74.737 
288 
1 1 .492 
6.463 


11.754 
10.757 

1.821 
12.299 

5.639 


12.156 
10.663 

1.878 
1 1 .696 

6.023 


7.987 
72,954 
331,500 


12.650 
10.570 

1.891 
10.600 

6.469 


8.328 
76.531 
335,400 


12.670 
10.477 

2.113 
10.577 

6.826 


8.589      8,403     8.835  7.887 
77.871     77.061    74,705  70,406 
334,900   330.700  288,300  J?81. 100 


7,781 
67,214 
NA 


NA 
NA 
NA 


NA    145.263      89.726  77.388 


18.669 
76,370 
323 
13.044 
7.299 


19.448 
74.774 
349 
14.806 
7.309 


20.260 
70.824 
585 
20.636 

7,32'i 


20.707 
71.640 
585 
22,190 
7.330 


13.659 
10.386 

1.947 
10.438 

6.734 


63.132 
21.088 
72,560 
769 
23.539 
7703 


13.722 
10.295 

2.086 
10.300 

7.216 


72.703 
24.096 
74,516 
924 
27.612 
7.730 


14.576 
10.794 
2.455 
9.618 
7.246 


92.994 
27.057 
77,077 
907 
27.600 
7.508 


14.998 
11.318 
2.346 
9.932 
8,675 


NA 
28.500 
77.503 

1.452 
26.891 

7.994 


16,658  17,019 

11.867  NA 

NA  NA 

NA  NA 

9.579  NA 


NA 
NA 

77.009 
1.129 

28.141 
NA 


NA 
NA 
NA 
1.347 
28.071 
NA 


NA    iK  t  av.'til.'ihU? 

S(n)f^f;r  S(  loncc  Hesoi.'frfb  SUjUk-,  Division.  National  Sctonce  Foundation,  unpublishod  tabulations  See  chapter  2  References  for  country  sources. 
S<>'>  fiqufOb  IM'j  iMO       'A-U  and  text  tat)le  2-2 
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Appendix  table  2-26. 

Natural  science  and  engineering  degrees  as  a  percentage  of  22-year-olds,  by  country:  1975-90 


1975        1976       1977        1978       1979        1980       1981       1982       1983       1984       1985        1986        1987       1988        1989  1990 


Percent 

Western  countries  and  USSR 


France   

1.97 

2.02 

2.03 

2.09 

2.21 

2.40 

2.46 

2.42 

2.46 

2.58 

2  75 

2.93 

3.12 

3.21 

NA 

NA 

Italy   

2  34 

2.38 

2.34 

2.27 

2.13 

P  15 

2.15 

2.08 

1.96 

2  "1 

2.13 

2  19 

2.47 

9  51 

NA 

NA 

United  Kingdom. 

NA 

3.48 

3.62 

3  75 

3  82 

3.89 

3.97 

3.87 

3,31 

3.  it/ 

J  00 

2.96 

2.83 

2.87 

NA 

NA 

United  States  

4.05 

3.88 

3.75 

3.65 

3.55 

4.14 

4.29 

4.46 

4.65 

4.88 

5.10 

5.22 

5.19 

4.97 

4.60 

NA 

USSR  

8.35 

8.44 

8.59 

8.67 

8.69 

8.89 

9.16 

9.34 

9.45 

9.65 

9.71 

9.81 

8.84 

8.93 

NA 

NA 

West  Germany  

1.23 

1.24 

1.34 

1.32 

1  38 

1.53 

1.58 

1.44 

1.54 

1.57 

1  32 

1.76 

1.82 

2.13 

NA 

NA 

la 

China  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.18 

0.66 

0.55 

0.46 

0.50 

0.58 

0.56 

NA 

NA 

India  

1.29 

1.21 

1.14 

1.08 

1.02 

1.02 

1.03 

1.04 

1.05 

1.05 

1.06 

1.07 

1.08 

1.09 

NA 

NA 

Japan  

4.67 

4.96 

5.28 

5.61 

6.10 

6.16 

6.26 

6.08 

5.77 

5.35 

5.88 

5.90 

6.00 

5.88 

5.72 

NA 

Stngapore  

1.40 

1.41 

1.17 

1.06 

1.40 

1.45 

1.33 

1.58 

2  15 

2.27 

2.83 

3.40 

3.63 

4.79 

4.70 

NA 

South  Korea  

2.07 

2.00 

2.03 

2.13 

2.24 

2.37 

2.66 

3.03 

3.80 

4.08 

4.51 

'  00 

5.17 

5.66 

5.92 

5.99 

Taiwan  

NA 

2.59 

2.53 

2.61 

2.76 

2.75 

3.01 

2.99 

3.01 

2.99 

3.18 

3.26 

3.32 

3.61 

NA 

NA 

NA    not  availal)le 

SOURCE  ScinncG  Resources  Studies  Division.  National  Science  Foundation,  unpublistied  tabulations. 

See  figure  2-18  Science  &  Engineering  Indicators  -1991 
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Appendix  table  2-27. 

Population  of  20-  to  24-year-olds,  by  country:  1975-2010 

iy/D 

1  yoU 

lyoD 

» yyu 

1  yyo 

C.\J\JD 

?ni  n 

CU  1  u 

4.247 

4.228 

4.296 

4,247 

4.202 

3,696 

3,780 

3.860 

3,819 

4.042 

4.617 

4726 

4,415 

3,704 

3.050 

3,062 

United  Kingdom  

3,891 

4,125 

4.747 

4,493 

3,882 

3.396 

3,606 

3776 

United  States  

19,527 

21,584 

21.208 

18.788 

17,292 

17,010 

18.188 

18.396 

USSR  

22,199 

24.553 

23,555 

20.583 

21.431 

23,051 

25,017 

25.277 

5.550 

5.986 

6,598 

6,306 

4,606 

3.951 

4,146 

4.203 

Asia 

90,236 

86.505 

107.785 

128,692 

124,198 

96.821 

92.344 

108.403 

53.509 

62.367 

70.207 

78,284 

86,970 

91.549 

105.460 

114.409 

9.155 

7,906 

8,184 

8,942 

10,009 

8,503 

7,432 

6,919 

Singapore  

296 

296 

287 

234 

223 

193 

209 

215 

3,089 

4.103 

4,281 

4,281 

4.374 

4.563 

3,999 

3,740 

Taiwan  

1,710 

1.895 

2.002 

1,906 

1.806 

2,029 

1,861 

1.524 

SOURCES:  UNESCO.  Statistical  Yearbooks  for  appropriate  years;  and  unpublished  labulalions. 
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Appendix  table  2-28. 

Natural  science  and  engineering  bachelors  degrees  as  a  percentage  of  total  degrees,  by  country:  1975-90 


1975 


1976 


1977 


1978 


1979 


1980 


1981 


1982      1983  1984 


1985 


1986 


1987 


1988 


Natural  sciences 


1989  1990 


Percent 


North  America  and  USSR 

Canada  

United  S  s  

USSR  

Europe 

France  

Italy  

Sweden  

United  Kingdom  

West  Germany  

Asia 

China  

India  

Japan  

Singapore  

South  Korea  

Taiwan  

North  America  and  USSR 

Canada  

United  States  

USSR  

Europe 

France  

Italy  

Sweden   

United  Kingdom  

WestGerntany  

Asia 

China  

India  

Japan   

Sjingapore  

South  Korea  

Taiwan  


NA 

10 

10 

10 

9 

9 

9 

9 

10 

10 

11 

12 

12 

12 

11 

NA 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

14 

14 

13 

12 

11 

NA 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

NA 

NA 

19 

18 

17 

17 

16 

15 

15 

14 

14 

14 

14 

16 

16 

16 

NA 

NA 

16 

18 

18 

18 

18 

19 

19 

19 

18 

18 

18 

18 

18 

18 

17 

NA 

7 

5 

5 

5 

5 

4 

3 

3 

4 

4 

5 

7 

8 

8 

NA 

NA 

NA 

NA 

NA 

NA 

15 

15 

17 

17 

14 

13 

12 

12 

11 

10 

NA 

NA 

19 

18 

19 

19 

18 

17 

19 

18 

18 

19 

19 

19 

19 

20 

21 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

18 

13 

14 

14 

14 

13 

12 

NA 

NA 

NA 

25 

24 

22 

24 

25 

30 

29 

28 

27 

27 

26 

26 

26 

NA 

NA 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

NA 

NA 

20 

21 

15 

15 

19 

22 

21 

24 

23 

20 

20 

20 

20 

20 

21 

NA 

17 

17 

16 

16 

16 

16 

17 

15 

14 

13 

11 

11 

13 

14 

14 

NA 

NA 

14 

13 

13 

13 

13 

13 

14 

14 

13 

14 

14 

14 

15 

NA 

Engineering 


NA 

5 

5 

6 

7 

7 

7 

7 

8 

8 

8 

7 

7 

6 

6 

NA 

4 

4 

4 

5 

6 

6 

7 

7 

7 

8 

8 

8 

7 

7 

7 

NA 

38 

37 

38 

38 

58 

39 

39 

39 

39 

39 

39 

39 

38 

36 

NA 

NA 

28 

27 

25 

24 

23 

23 

21 

21 

20 

19 

19 

19 

19 

19 

NA 

NA 

10 

16 

15 

15 

15 

15 

15 

15 

15 

15 

14 

14 

14 

14 

14 

NA 

13 

10 

11 

11 

11 

11 

10 

10 

10 

10 

11 

13 

15 

14 

NA 

NA 

NA 

NA 

NA 

NA 

10 

11 

10 

9 

8 

7 

7 

7 

6 

6 

NA 

NA 

11 

12 

12 

13 

12 

12 

12 

12 

12 

12 

11 

11 

10 

12 

12 

NA 

NA 

NA 

NA 

NA 

\iA 

NA 

NA 

35 

30 

31 

25 

24 

27 

26 

NA 

NA 

NA 

3 

3 

3 

3 

3 

4 

4 

4 

4 

3 

4 

4 

4 

NA 

NA 

21 

21 

21 

20 

20 

20 

20 

20 

19 

19 

19 

20 

20 

20 

20 

NA 

10 

12 

14 

12 

12 

13 

18 

18 

25 

19 

21 

22 

21 

31 

22 

NA 

NA 

21 

21 

22 

22 

23 

23 

24 

27 

24 

20 

20 

18 

17 

17 

17 

NA 

18 

18 

18 

20 

19 

23 

22 

22 

21 

22 

21 

19 

21 

NA  , 

NA 

> 

Z) 
Cl 
X 

> 

Z) 
Q. 

x 

H 
m 
g- 

0 


NA    not  .jvailabk? 

St}UF^CL-  ScKince  Resources  Studies  Division.  National  Science  Foundation,  unpublished  tabulations. 
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Appendix  table  3-1. 

Total  and  scientist  and  engineer  employment,  by  industry:  1980, 1983, 1986,  and  1989 

(page  1  of  4) 


 Number  of  jobs  

Industry  1980  1983  1986  1989 

Thousands 

TOTAL  PRIVATE 


All  nppiinatinn<5 

66  160 

65  556 

73,279 

79,501 

All  scientists  and  engineers  

1,366 

1.523 

1,702 

1,917 

Scientists  

374 

425 

498 

568 

Life  

19 

26 

29 

34 

Mathematical  

45 

59 

66 

79 

Physical  

108 

110 

113 

112 

Social  

26 

29 

25 

25 

nnmniitpr  <5nppialiQtQ 

175 

201 

264 

318 

PrininPPrQ 

QQP 

1 ,098 

1,349 

Aprnnsi  ifipsl/scfrnn^i  ifip^l 

27 

33 

59 

57 

nhpmipal 

45 

47 

42 

41 

Civil 

79 

104 

94 

103 

Plppfrippl/p|ppfrnnip 

273 

319 

377 

436 

Industrial 

133 

103 

120 

124 

MpphpnippI 

198 

199 

196 

208 

Othpr' 

237 

294 

317 

381 

MANl  IFAHTl  JRINfi 

All  nppiiriiiUnnc 

20  286 

18,434 

18,964 

19,442 

All  scientists  and  engineers  

745 

814 

927 

993 

Scientists  

140 

144 

175 

193 

Life  

11 

15 

18 

23 

Mathematical  

13 

12 

14 

12 

Physical  

64 

57 

57 

55 

Social  

1 

1 

1 

1 

nommitpr  <>nppiali<>t<> 

52 

59 

85 

103 

^nninPPrc 

670 

753 

Aprnnsi  ifip^l/^cfrnn^i  ifip^l 

23 

29 

52 

49 
■to 

f^hpmrPiil 

^3 

36 

34 

31 

Civil 

7 

8 

8 

8 

Flppfrippl/p|pffrnnip 

159 

206 

234 

Industrial 

123 

89 

104 

104 

Mpph;)nipsl 

126 

135 

135 

143 

Othpr^ 

135 

167 

185 

213 

All  nppiinatinnQ 

45  874 

47,122 

54,315 

60  059 

All  cpionficfc  snH  PnninPPrc 

621 

709 

775 

Scientists  

234 

281 

323 

375 

Life  

8 

11 

12 

11 

Mathematical  

  33 

47 

53 

67 

44 

53 

56 

57 

Social  

25 

28 

24 

24 

Computer  specialists  

124 

142 

179 

216 

Engineers  

387 

428 

452 

545 

Aeronautical/astronautlcal  

4 

4 

6 

8 

Chemical  

12 

11 

8 

Q 

Civil  

73 

95 

86 

94 

Electrical/electronic  

113 

113 

144 

180 

Industrial  

10 

14 

15 

20 

72 

64 

61 

65 

Other'  

102 

127 

131 

168 

(continued) 
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Appendix  table  3-1. 

Total  and  scientist  and  engineer  employment,  by  industry:  1980, 1983, 1986,  and  1989 

(page  2  of  4) 


Number  of  jobs 


Industry 

1980 

1983 

1986 

1989 

  Thousands      -  - 

All  oppiioationc 

1  027 

952 

777 

693 

All  c^iAnlicI^  ofiH  onn'mciCiTQ 

65 

56 

47 

Antic  to 

30 

26 

21 

1  ifo 

n 

0 

0 

0 

K^atliomQtipol 

n 

0 

0 

0 

Dl^ticioQ  1 

&  1 

25 

22 

18 

0 

0 

0 

0 

4 

5 

4 

3 

29 

35 

30 

26 

0 

0 

0 

0 

1 

1 

1 

1 

1 

2 

1 

1 

^loptri/^al/ealAPtronin 

2 

1 

1 

1 

n 
u 

0 

0 

n  M         n  ^  n  1 0  Q 1 

1 

3 

2 

2 

r\thor' 

28 

25 

21 

uonsiruciion 

All  moti/M^c 

3,948 

4,816 

5,187 

All   OMi#<tn(iA(o    f*r\^  An/^lnAAI'C 

48 

32 

22 

Anticto 

1 

1 

1 

1 

1  ifo 

n 

0 

0 

0 

K^atliomati/^£il 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

52 

47 

31 

21 

0 

0 

0 

0 

0 

0 

0 

0 

18 

19 

10 

7 

F>  laptripal/oloptrf^nip 

7 

6 

5 

3 

In^i  io^i^iqI 

1 

1 

■f 

7 

5 

4 

17 

13 

10 

6 

Onmmiinl/^atimio/tirimcinArtatinn/lltilitiPC 
\/vniniunicaiiuns>f  irdn«>|#wi  iisiiuii/uiiiiiic 

All  inQti/\nc 

^  14R 

4.954 

5,255 

5,644 

114 

110 

113 

1  O 

32 

32 

32 

1  ifa 

n 

0 

1 

0 

■j 

4 

2 

2 

Dl^ticio  qI 

n 

0 

2 

2 

n 

1 

2 

0 

Computer  specialists  

11 

16 

19 

26 

82 

81 

78 

81 

1 

1 

1 

1 

1 

1 

1 

1 

5 

7 

8 

7 

43 

40 

38 

39 

4 

6 

5 

8 

7 

6 

6 

5 

Other'  

20 

21 

20 

20 

(continued) 
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Appendix  table  3-1. 

Total  and  scientist  and  engineer  employment,  by  industry:  1080, 1983, 1986,  and  1989 

(page  3  of  4) 


Number  of  jobs 


Industry 

1980 

1983 

1986 

1989 

Thousands  

TfaciG 

on  QH n 

20.880 

23.683 

cc 

66 

72 

97 

oc 

30 

27 

21 

1  tin 

  U 

1 

1 

0 

Mathematical  

  0 

2 

0 

0 

i 

2 

2 

u 

Social  

0 

0 

0 

0 

.  25 

26 

24 

21 

Engineers  

40 

36 

45 

76 

0 

0 

0 

0 

Chemical  

3 

0 

0 

0 

Civil  

  0 

0 

0 

0 

1  A 

11 

16 

OH 

f\ 

0 

0 

0 

i  Q 

9 

7 

D 

uther   

o 

15 

23 

AO 

49 

rinanciai  services 

All  o 

5,468 

6,283 

A..         ■  • 

All  scientists  and  engineers  

CO 

73 

95 

134 

64 

86 

lib 

1  ifrs 

0 

0 

0 

Mathematical  

  lb 

23 

27 

38 

0 

0 

U 

2 

7 

6 

7 

28 

33 

52 

71 

Engineers  

5 

8 

10 

19 

Aeronautical/astronautical  

0 

0 

0 

0 

0 

0 

0 

0 

Civil  

0 

0 

0 

0 

A 

0 

0 

u 

/\ 

0 

0 

0 

n 

0 

0 

u 

c 

8 

10 

19 

business  ana  related  services 

All 

Q  QQC 

10.920 

13.501 

lO.U/ 1 

A 

All  scientists  and  engineers  

356 

416 

Scientists  



134 

159 

HOC 

1  if  A 

Liie  

-y 

  / 

9 

10 

1  1 

18 

24 

do 

oo 

26 

30 

6f 

Social  

23 

20 

16 

17 

Computer  specialists  

54 

61 

80 

93 

Engineers  

,     .  .  179 

222 

257 

323 

Aeronautical/astronautical  

  3 

3 

6 

7 

Chemical  

.     .  .  9 

8 

6 

7 

Civil  

  49 

68 

67 

80 

Electrical/electronic  

  46 

65 

84 

116 

Industrial  

5 

6 

10 

12 

Mechanical  

35 

39 

40 

48 

Other'  

  32 

42 

45 

53 

(continued) 
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Appendix  table  3-1 . 

Total  and  scientist  and  engineer  employment,  by  industry:  1980, 1983, 1986,  and  1989 

(page  4  of  4) 


NOTES.  Details  may  not  sum  to  totals  because  of  rounding.  The  Standard  Industrial  Classitlcation  numi  ers  are: 


Manufacturing   20-39 

Nonmanufacturing 

Mining   10-14 

Construction   15-17 

Communications/transporlation/utllities   40-49 

Trade   50-59 

Financial  services   60-67 

Business  and  related  services   70-79.81.83,87 


'The  "other"  engineering  category  includes  a  number  of  smaller  fields  that  are  combined  in  the  interest  of  space.  None  of 
these  fields  individually  accounts  for  more  than  about  5  percent  of  the  total  engineering  jobs. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation,  unpublished  tabulations;  and  Bureau  of 
Labor  Statistics,  unpublisfied  tabulations  from  the  Occupation  Employment  Statistics  Survey, 

See  figures  3-1 .  3-2,  3-3.  3-4,  and  3-5.  and  figures  0-8,  0-9.  and  O-10  in  Overview.  Science  &  Engineering  Indicators  -  1991 


ERIC 


Appendix  table  3-2. 


Total         Life  Math     Physical    specialists    Total     astronautical  Chemical      Civil     electronic     Industrial  Mechanical  Other 


Total  manufacturing   37.8  11.5  0.6  21.3  4.4  77.7  5.6  6.5  0.1  32.6  1.7  9.4  21.8  g. 

Transportation  equipment   2.0  0  0.3  0  1.7  19.7  5.6  0.2  0  0.5  0.5  1.3  11.6  ;| 

(Vlachinery.  except  electrical   0.5  0  0  0  0.5  16.4  0            0  0  10.7  0.3  2.7  2.7  a 

Electrical/electronic  equipment  ...  .  0.6  0  0  0.3  0.3  13.8  0  0.2  0  11.1  0.1  1.1  1.3 

Instruments  and  related  products.  .  .  2.0  0.6  0  0.6  0.7  12.9  0  0.3  0  9.6  0.3  1.0  1.7  | 

Chemicals  and  allied  products   27.8  10.5  0.2  16.2  0.9  7.0  0  4.1  0  0.3  0.2  0.6  1.8 

Other                                   .  .  4.9  0  4  0.1  4.2  0.3  7.9  0  1.7  0.1  0.4  0.3  1.9  3.5 


SOURCES  Science  Resources  Studies  Division.  National  Science  Foundation.  Total  and  R&D  Scientists.  Engineers,  and  Technicians  in  Manufacturing  Industries:  1989  (Washington.  DC:NSF). 

See  ligure  3-6  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-3. 

Number  of  1988  and  1989  science  and  engineeHnc^  bachelors  degree  recipients,  by  field  of  degree 
and  graduate  school  status:  1990 


Graduate  school  status 

Ci  lit  firV^ A 

Part-time 

No 

Field  of  degree 

Total 

student 

student 

Non-Student 

Othar 

vjiner 

  643,200 

127,100 

68,800 

439,200 

7,400 

800 

1 1U,UUU 

800 

327  000 

900 

ROO 

  29.400 

11.600 

iC  100 

100 

  35,200 

6.500 

OA  '^00 

500 

  69,300 

4.100 

b,DUU 

K7  OOO 

400 

300 

  7.300 

2.200 

A  400 

* 

* 

  111.200 

35,600 

i  O  Add 

C^A  100 

1,000 

* 

  85,700 

17,900 

19  OOO 

CA  OOO 

1.200 

200 

  156,400 

32,000 

1A  f\dd 

1 0R  QOO 

3,000 

* 

  148.700 

17,100 

1 Q.  OOO 

119  900 

1,200 

300 

  6,700 

300 

700 

f\  Odd 

* 

* 

  7.700 

1,100 

700 

5.700 

* 

  15,200 

1.500 

1.200 

12,300 

100 

* 

  55.500 

5,900 

8.100 

40,800 

600 

200 

  12.300 

600 

1,700 

9.900 

100 

* 

  1.800 

400 

100 

1,200 

* 

• 

  30.000 

3,200 

3.100 

23.300 

300 

100 

  1,100 

300 

* 

800 

* 

  900 

200 

200 

500 

* 

* 

  1.200 

200 

100 

900 

* 

* 

  16,500 

2,800 

2.000 

11.600 

100 

100 

*  =  too  few  cases  to  report 

NOTE:  Details  may  not  sum  to  totals  because  of  rounding. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Recent  Science  and  Engineering  Graduates:  1990  (Washington.  DC: 
NSF.  forthcoming). 
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Appendix  table  3-4. 

Number  of  1988  and  1989  science  and  engineering  masters  degree  recipients,  by  field  of  degree  and  graduate  school 
status:  1990 


Graduate  school  status 


Full-time 

Part-time 

No 

Field  of  degt^e 

Total 

student 

student 

Non-student 

Other 

report 

  136.600 

31,100 

10,300 

94,40G 

800 

100 

  93700 

23.600 

6.700 

63,100 

300 

100 

  9,200 

3.800 

500 

4.700 

100 

• 

  10.600 

1.900 

800 

7.800 

• 

* 

Computer  

  22,200 

2,100 

1.500 

18.500 

* 

* 

  5,200 

1,100 

300 

3.800 

100 

• 

Life  

  19.300 

6,800 

1,200 

11.200 

100 

• 

  7,300 

2.500 

800 

3,900 

* 

* 

  19,900 

5.200 

1,500 

13.100 

100 

♦ 

  42.900 

7,500 

3.600 

31,300 

500 

* 

  1,800 

400 

100 

1.300 

* 

• 

  2,100 

600 

100 

1.400 

• 

* 

  4,700 

500 

300 

3,900 

100 

  13,800 

2.600 

1,700 

9.100 

300 

  2,600 

200 

100 

2,200 

• 

  1,700 

600 

100 

1,000 

• 

  8.000 

1.200 

800 

6.000 

• 

  500 

100 

• 

400 

• 

  500 

200 

200 

• 

  400 

100 

• 

300 

Other  

  6,700 

900 

400* 

5,400 

* 

■  =  loo  few  cases  lo  report 

NOTE:  Details  may  not  sum  lo  lolals  because  of  rounding. 

SOURCE:  Sciencfi  Resources  Studies  Division.  National  Science  Foundation,  Characteristics  ol  Recent  Science  and  Engineering  Graduates:  1990  (Washington.  DC: 
NSF.  forthcoming). 

See  figure  3-8.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-5. 

Median  annual  salaries  of  1988  and  1989  science  and  engineering  (S&E)  bachelors  degree  recipients,  by  field  of  degree, 
gender,  and  race/ethnicity:  1990 


Field  of  degree  Total  Male  Female  While 

Total  science  and  engineering   $26,000  $29,500  $21,600  $26,100 

Total  sciences   23.000  25.100  20.100  23.000 

Physical   25.100  26,500  24,900  25,000 

Mathematics/statistics   23.600  24.000  23.000  24.000 

Computer   30,100  30,600  30,000  30.100 

Environmental   23.700  24,000  22,900  23.600 

Life   21.000  23,000  19.600  21.000 

Psychology   18.600  21.300  18.00^J  18.600 

Social   21.900  23.900  20,1C0  21.500 

Tola)  engineering   33.000  33,000  33.800  33.300 

Aeronaulical/aslronaulical   34.800  34.400  *  34.900 

Chemical   35.100  35.100  35.100  35,200 

Civil   30.100  30,100  31,100  30.000 

Electrical/electronic   34.000  34.000  33.900  34.300 

Industrial   31.100  30,600  32,700  31,500 

Materials   33.200  33.800  31.600  32.900 

Mechanical   34.000  33.800  35,000  34,000 

Mining   30.100  31,000  *  31.000 

Nuclear   33.300  34.000  31,600  33.000 

Petroleum   36,600  36.500  38.700  36.600 

Other   30.000  30.000  30.100  30,100 


Black 


$24,000 

22,200 
* 

* 

28.000 
* 

20.100 
* 

21.900 
32,500 


32.900 
27.000 


Asian 


Native 
American 


Hispanic' 


$30,000 

27,900 
* 

* 

33.200 


$21,900  $25,100 


21.100 

24.000 
* 

30.000 


32.800 


33.600 
33.300 


32,200 
* 

* 

32,900 
* 

28,000 


'  =  no  median  was  computed  for  groups  with  fewer  than  20  individuals  reporting  salary 

NOTES:  Median  salaries  were  computed  only  for  full-time  employed  civilians.  Data  exclude  full-time  graduate  students. 
'Includes  members  of  all  racial  groups. 

SOURCE  Science  Resources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Recent  Science  and  Engineering  Graduates:  1990  (Washington,  DC: 
NSF,  forthcoming). 

See  text  table  3-1 .  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-6. 

Median  annual  salaries  of  1988  and  1989  science  and  engineering  (S&E)  masters  degree  recipients,  by  field  of  degree, 
gender,  and  race/ethnicity:  1990 


Native 


Field  of  degree 

Total 

Male 

Female 

White 

Black 

Asian 

American  Hispanic' 

$37,000 

$39,000 

$32,800 

$37,500 

$35,000 

$35,900 

$36,100 

Total  sciences  

33,800 

35,400 

31,200 

34.000 

30.100 

33.000 

29.000 

34.900 

36,000 

31.100 

35,900 

* 

32.100 

• 

Mathematics/statistics  

32.800 

35.000 

30.000 

32.800 

* 

* 

• 

Computer  

42.100 

42.900 

40,100 

43,900 

* 

36.000 

• 

33.800 

35.000 

31.800 

34.300 

* 

* 

• 

Life  

26.900 

26.900 

26.600 

26.900 

* 

* 

• 

32,000 

36,900 

32.000 

32.100 

* 

* 

• 

31.000 

30.000 

31.200 

31.100 

* 

• 

• 

41.400 

42,000 

40.100 

42.100 

41.900 

39.100 

40,100 

Aeronautlcal/astronautical  ,  ,  ,  , 

46.500 

46.500 

* 

46.500 

* 

* 

* 

40.200 

40.600 

38.100 

41.000 

* 

39.100 

•  * 

Civil  

35.200 

35.200 

35,600 

35.900 

30.800 

Electrical/electronic  

46.500 

46.700 

47.900 

41,000 

40.300 

40.200 

40.400 

42.000 

Materials  

41.300 

40.400 

42.200 

41.400 

40.100 

42.100 

42.100 

* 

42.100 

* 

Mining  

37.300 

37.500 

* 

37.300 

* 

Nuclear  

40.200 

40.100 

40.400 

40.800 

41.100 

* 

40.900 

Other  

39.000 

39.900 

37.000 

39.000 

40,000 

*  s  no  median  was  computed  for  groups  with  fewer  than  20  individuals  reporting  salary 

NOTES:  Median  salaries  were  computed  only  for  full-time  employed  civilians.  Data  exclude  full-time  graduate  students, 
includes  members  of  all  racial  groups. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Recent  Science  and  Engineering  Graduates:  1990  (Washington,  DC: 
NSP.  forthcoming). 

See  text  table  3-1.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-7. 

Selected  employment  characteristics  of  1988  and  1989  science  and  engineering  bachelors  and  masters  degree  recipi- 
ents, by  field  of  degree  and  gender:  1990 

(page  1  of  2) 


Labor  force  Unemployment  In-field  employment  S&E  employment 
participation  rale   rale    rale    rale  


Field  of  degree  and  gender 

Bachelors 

Maslers 

Bachelors 

Masters 

Bachelors 

Maslers 

Bachelors 

Maslers 

TOTAL  SCIENCE 

AND  ENGINEERING  

,  .  ,  .  97.4 

9/1 

3.4 

1  .o 

o7.o 

by.u 

CO  A 

uy.o 

Male  

98.2 

98.5 

3.5 

1.5 

42.7 

57.6 

NA 

NA 

Female  

96.1 

93.9 

3.3 

2.7 

29.9 

62.4 

NA 

NA 

Total  sciences  

.  .  .  .  96.9 

96.9 

3.7 

1 .9 

33.2 

o9.D 

CO  c 
Dd.D 

oc  0 

ob.2 

Male  

97.7 

98.8 

4.0 

1.5 

38.0 

57.1 

NA 

NA 

Female  

95.9 

94.0 

3.4 

2.6 

27.7 

63.7 

NA 

NA 

97.9 

5.0 

n  4 

d.l 

35.6 

vlO  A 

QA  Q 

HA  0 

y4.o 

Male  

97.3 

98.5 

6.0 

2.1 

33.9 

41.7 

NA 

NA 

Female  

96.5 

• 

2.8 

39.1 

NA 

NA 

Malhemalics/slalislics  

.    .  96.7 

98.1 

4.1 

1  .1 

39.6 

C"7  A 

07.4 

"7y|  A 
74.0 

o7.o 

Male  

98.7 

99.6 

3.1 

1.5 

31.7 

53.3 

NA 

NA 

Female  

94.8 

95.9 

5.2 

0.5 

47.9 

63.1 

NA 

NA 

Computer  

98.3 

98.2 

2.5 

1 .5 

a4  c 
01 .0 

/  f.d 

07  Q 

0/ .y 

y  1 .0 

Male  

98.9 

99.3 

2.4 

0.8 

79.7 

73.0 

NA 

NA 

Female  

96.7 

95.3 

2.6 

3.2 

86.5 

88.8 

NA 

NA 

Environmental  

...  97.2 

99.8 

4.G 

2.7 

CC  4 

56.1 

cn  A 

OA  C 

4  AA  A 

Male  

97.2 

99.7 

4.5 

•2.7 

57.3 

71.5 

NA 

NA 

Female  

• 

* 

NA 

NA 

Life  

....  96.0 

96.5 

4.6 

O  4 

2.1 

00.4 

eft  A 

59.0 

GAO 

04. 0 

nA  A 

yu.4 

Male  

97.8 

98.0 

4.3 

2.1 

40.4 

52.5 

NA 

NA 

Female  

94.3 

95.0 

4.8 

2.1 

36.5 

65.9 

NA 

NA 

Psychology  

....  96.1 

97.6 

o  c 
O.D 

y.y 

AO.  1 
4o.l 

71  Q 

/ 1  .y 

Male  

97.4 

100.0 

6.9 

2.5 

9.4 

41.0 

NA 

NA 

Female  

95.5 

96.3 

1.0 

4.2 

101 

52.3 

NA 

NA 

Social  

....  97.1 

93.4 

4.0 

O  4 

2.1 

4  A  4 
1  4.1 

4o.O 

00  A 

00. U 

Male  

96.9 

97.5 

3.8 

1.2 

16.6 

38.9 

NA 

NA 

  97.4 

88.5 

4.2 

3.3 

11.2 

49.5 

NA 

NA 

Total  engineering  

98.9 

97.5 

2.7 

1 .7 

50.7 

b7.o 

AA  0 

yu.o 

no  0 

Male  

99.0 

98.1 

2.8 

1.5 

50.9 

58.2 

NA 

NA 

Female  

98.0 

93.1 

2.1 

3.2 

49.8 

54.5 

NA 

NA 

Aeronaultcal/aslronaulical.  .  . 

....  100.0 

2.5 

AO  n 

4o.9 

* 

yo.o 

Male  

100.0 

• 

2.7 

46.7 

NA 

NA 

Female  

• 

« 

NA 

NA 

95.1 

2.8 

49.6 

98.5 

NA 

Male  

93.2 

4.0 

• 

51.8 

NA 

NA 

Female  

99.2 

0.2 

45.2 

NA 

NA 

Civil  

98.6 

98.1 

2.0 

1.4 

71.1 

69.1 

92.9 

NA 

Male  

99.3 

98.9 

2.1 

1.6 

71.1 

70.8 

NA 

NA 

Female  

94.8 

0.9 

71.3 

* 

NA 

NA 

Eleclrical/electronic  

99.3 

95.8 

2.6 

1.5 

53.3 

57.7 

92.0 

NA 

Male  

99.4 

96.9 

2.6 

0.8 

53.8 

58.6 

NA 

NA 

Female  

....  98.7 

3.2 

495 

* 

NA 

NA 

(continued) 
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Appendix  table  3-7. 

Selected  employment  characteristics  of  1988  and  1989  science  and  engineering  bachelors  and  masters  degree  recipi- 
ents, by  field  of  degree  and  gender:  1990 
(page  2  of  2) 


Labor  force 
participation  rate 


Unemployment 
rate 


In-field  employment 
rate 


S&E  employment 
rate 


Field  of  degree  and  gender 


Male. 


Materials .  . 
Male.  .  . 
Female . 


Male. 


Mining ,  .  .  . 
Male.  .  . 
Female . 

Nuclear .  .  . 
Male. .  . 
Female . 


Petroleum  . 
Male.  .  . 
Female . 


Other. ,  . 
Male. 


chelors 

Masters 

Bachelors 

Masters 

Bachelors 

Masters 

Bachelors 

Masters 

98.9 

99.1 

4.5 

5.9 

42.2 

26.5 

85.2 

79.2 

99.4 

99.0 

5.3 

6.3 

41 .9 

21 A 

InA 

NA 

96.9 

* 

1.5 

* 

43.5 

* 

Kl  A 

NA 

Kl  A 

NA 

* 

* 

* 

* 

* 

* 

NA 

NA 

* 

* 

NA 

Kl  A 

NA 

* 

* 

* 

* 

NA 

Kl  A 

NA 

98.7 

99.5 

3.0 

0.8 

44.3 

60.4 

91.5 

94.7 

98.9 

99.7 

2.8 

0.8 

43.3 

61 .1 

Kl  A 

NA 

Kl  A 

NA 

97.1 

4.4 

52.2 

* 

Kl  A 

NA 

* 

* 

• 

• 

• 

• 

• 

NA 

NA 

Kl  A 

NA 

Kl  A 

InA 

Kl  A 

NA 

Kl  A 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

99.0 

97.4 

1.4 

1.6 

38.6 

53.5 

84.1 

98.3 

98.9 

97.4 

1.6 

1.6 

38.6 

48,7 

NA 

NA 

99.4 

* 

0.6 

387 

* 

NA 

NA 

*  =  no  rate  was  computed  for  groups  with  fewer  than  l.bOO  individuals  in  labor  force:  NA  =  not  available 
NOTE:  Data  exclude  full-time  graduate  students. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  Characlerislics  of  Recent  Science  and  Engineering  Graduates:  1990  (Wasfiinglon,  DC: 
NSF,  forthcoming) 

See  figure  3-8  and  text  table  3-2,  Science  &  Engineermg  Indicators  -  1991 
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Appendix  table  3-8. 

Number  of  1988  and  1989  science  and  engineering  bachelors  degree  recipients,  by  field  of  degree  and  primary  work  activity:  1990 


Primaiv  work  activity 


Total 

Field  of  degree  employed 

Total  science  and  engineering   485,400 

Total  sciences   358.800 

Physical   16.400 

Mathematics/statistics   26.600 

Computer   62.500 

Environmental   4.700 

Lie   69.300 

Psychology   63.300 

Social   116,000 

Total  engineering   1 26.700 

Aeronautical'aslronaulical   5.800 

Civil    13.200 

Electrical/electronic   47.900 

Industrial    11.100 

Mechanical    25.600 

OthRr   23.100 


Total 


Research  and  development 

Basic  Applied 
research   research  Devlopment 


Management/administration 


Total 


Reporting/ 
Of  Prod./     Stat,  work/ 

Of  R&D    non-R&D   Teaching  inspection  computing 


Sales 


Professional 
services  Other 


89.200 

45.500 
4,800 
2.000 

13,500 
700 

15,000 
3,600 
5,900 

43.700 
2.100 
2.500 

18.900 
1.800 

11.100 
7.300 


9.300 

8.500 
900 
300 
200 
200 
5.500 
1,00C 
500 

800 
100 

200 

100 
300 


19,100      60.800      70,700       11,500      59,200       47,500       68,200       73,700  46.400 


8.100  77.600 


15,200 
1,700 
500 
800 
500 
5.300 
1.900 
3.600 

3,900 
300 
200 

1.700 
200 
700 
800 


21.800 
2.300 
1.200 

12,500 

3,300 
800 
1.600 

39.000 
1,800 
2.300 

17.000 
1.600 

10.300 
6.000 


56.000 
1.600 
2.300 
4,700 
400 
9,200 
1 1 .500 
26,300 

14.600 
500 
2.200 
5.300 
1.900 
2.000 
2.700 


8,400 
200 
500 
800 

1.600 
1.200 
4.000 

3.100 
100 
100 

1.700 
300 
100 
800 


47,700 
1,500 
1,800 
3,900 
400 
7.700 
10,200 
22.200 

11.500 
400 
2.100 
3.500 
1.500 
1.900 
2.100 


45,300 
2,000 
7,700 
1,300 
300 
8.100 
12.900 
12,900 

2,200 
300 
100 
500 
100 
600 
600 


37.100 
3.100 
2.000 
5.000 
1,100 

13.400 
3.800 
8.700 

31  000 
1.100 
3.300 

11.200 
3.500 
6,100 
5.800 


61,700 
1,40 
6.600 
28,700 
500 
3.300 
5.300 
15.900 

12,000 
300 
1.000 
5.700 
1.400 
1.500 
2.100 


41.70 
1.100 
2.200 
1,300 
200 
5.600 
8,100 
23,100 

4.700 
100 
200 

1.700 
700 

1.100 
900 


7.900 
100 

200 

2.300 
3.600 
1.600 

200 


100 


60.300 
2,200 
3.600 
7.100 
1.400 
1 1 .300 
13.900 
20.700 

17.300 
1.500 
3.600 
4.200 
1.400 
3.100 
3.500 


No  report 


4,200 

3.300 
100 
100 
600 

1.000 
600 
900 

900 

300 
400 
100 


*    too  few  cases  to  report 

NOTES  (details  may  not  sum  to  totals  t)Ocause  ol  rounding.  Data  exclude  full-time  graduate  students. 

SOUfK:F-  Science  Resources  Studies  Division.  National  Soiftnce  Foundation,  Characteristics  of  Recent  Science  and  Engineering  Graduates:  1990  (Washington,  DC:  NSF,  forthcoming). 
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Appendix  table  3-9. 

^Number  of  1988  and  1989  science  and  engineering  masters  degree  recipients,  by  field  of  degree  and  primary  work  activity:  1990 


Field  of  degree 


Total  science  and  engineering 


Total  sciences  

Physical   

Mathemalics/statislics 
Computer  .  . 

Environmental  . 

Life   

Psychology  

Social  


Total  ongtnooring 

A(?ronaulical'astronautica' . 
Civil 

EI(H:trif;ai  electronic  .  .   .  . 

Industrial   

Mechanical   

Other 


Primary  work  activity 


Research  and  development 


Management/administration 


Total 
imployed 

Total 

Basic 
research 

Applied 

research  Devlopment 

Total 

Of  R&D 

Of 

non-R&D 

Teaching 

Prod./    Stat,  work/ 
inspection  computing 

Sales 

Professional 
services 

Other 

No  report 

inn  finn 

1  UU.DUU 

Q/i  nnn 

3,100 

8.000 

22.800 

15.100 

5,000 

10.100 

12.200 

7.600 

16,100 

2.200 

1.300 

11,900 

200 

66700 

16,400 

2  600 

5.400 

8,500 

10,800 

3.000 

7.800 

11,400 

3,900 

13.200 

1.700 

1.200 

8.000 

100 

p  pnn 

500 

800 

900 

300 

100 

200 

1,200 

600 

400 

400 

ft  /inn 

1  ^nn 

100 

500 

700 

1.000 

300 

700 

3.400 

400 

1.700 

500 

• 

1 Q  yi  nn 

R  nnn 

inn 

1  uu 

700 

5.200 

3,300 

1.500 

1.800 

800 

800 

6,900 

300 

1.300 

• 

A  nnn 

1  1  nn 

pnn 

600 

300 

500 

100 

300 

200 

600 

600 

1.000 

• 

T  Ann 

1  pnn 

1.800 

900 

1.600 

600 

1.100 

2.400 

900 

900 

500 

300 

1,200 

d  <^nn 

100 

300 

900 

100 

800 

1,200 

100 

400 

800 

800 

• 

13.400 

1.500 

300 

1.000 

200 

3.200 

300 

2.900 

2.100 

500 

2.200 

800 

3,000 

• 

33.900 

17.600 

600 

2.700 

14.300 

4.300 

2.000 

2.300 

900 

3.800 

2,900 

600 

3,900 

100 

1.400 

900 

300 

600 

200 

100 

100 

100 

100 

4,100 

1.200 

200 

1.000 

600 

100 

500 

100 

500 

400 

100 

1,300 

10.500 

6.600 

200 

600 

5.800 

1,000 

800 

200 

300 

1,100 

1,000 

200 

400 

2.200 

500 

100 

300 

500 

100 

400 

500 

200 

100 

400 

6.700 

4.500 

100 

500 

3.900 

600 

400 

300 

200 

600 

400 

300 

9.000 

3.900 

200 

1.000 

2.700 

1,400 

500 

800 

200 

1.000 

800 

100 

1.300 

'        few         to  report 

NOTFS  Details  may  not  sum  to  totals  because  of  rounding  Data  exclude  full*time  graduate  students. 

SOUHCt:  Science  f^csources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Recent  Science  and  Engineering  Graduates:  1990  (Washington.  DC.  NSF.  forthcoming), 
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Appendix  table  3-10. 

Number  of  1988  dnd  1989  science  and  engineering  bachelors  degree  recipients,  by  field  of  degree,  gender,  and  type  of  employer:  1990 

(page  1  of  3) 


 Type  of  employer  

Business  and  industry         Educational  Institution 

4-';ear  Non-  State/ 


Field  of  degree  and  gender 

Tr»tal 
1  Uldl 

employed 

Total 

industry 

employed 

Total 

pnllpnp/ 

univ. 

Other 

nrofit 

org. 

PpHpraj 

Gov't 

local 
gov't 

Other 

No 
report 

TOTAL  SCIENCE  &  ENGINEERING  

  485.400 

313.000 

301.600 

11.300 

47,300 

15,800 

31.600 

24.400 

20.300 

26.900 

51.400 

2.100 

  299.000 

213.200 

203.700 

9.500 

20,400 

8.000 

12,400 

6.700 

12,900 

15,800 

28,800 

1.300 

  186.400 

99,800 

98.000 

1.900 

26,900 

7,700 

19,200 

17.700 

7,400 

11.100 

22,600 

800 

Total  sciences  

  358.800 

214.000 

204.500 

9.600 

44.800 

14.100 

30,700 

23,300 

12,400 

21.100 

41,400 

1.700 

Male  

  191.100 

128.800 

121.000 

7.800 

18.300 

6.700 

1 1 .600 

5,800 

6.400 

11.000 

19.900 

900 

Female  

  167.700 

85,200 

83,500 

1.700 

26.500 

7.300 

19.100 

17.400 

6,000 

10.100 

21.500 

800 

Physical  

  16.400 

10.100 

10.000 

100 

3.100 

800 

2.200 

400 

500 

600 

1.700 

100 

Male  

  11.100 

6.700 

6.600 

100 

2.000 

700 

1,300 

300 

300 

400 

1,400 

100 

  5,300 

3,400 

3.400 

* 

1.100 

200 

900 

100 

200 

200 

300 

  26.600 

14.400 

14.200 

200 

7.900 

1.100 

6.800 

800 

700 

500 

2.300 

100 

Male  

  13.700 

8.100 

7.900 

100 

3.200 

800 

2.400 

300 

300 

300 

1.500 

Female  

  12.900 

6.300 

6,300 

4.700 

300 

4.400 

600 

400 

100 

800 

100 

  62.500 

50.700 

49.700 

1.000 

3.900 

2.500 

1.400 

700 

1.600 

1.700 

:^  300 

600 

Male   

  45.800 

37.700 

36.700 

1.000 

2.300 

1.500 

800 

500 

1.000 

1.100 

2.700 

600 

Female  

  16.700 

13,100 

13.000 

* 

1.600 

1,000 

700 

200 

600 

600 

700 

  4,700 

3.000 

2.900 

100 

300 

200 

100 

* 

300 

300 

800 

Malo   

  3.400 

2.100 

2.100 

* 

200 

200 

* 

200 

200 

700 

Fema   

  1.300 

900 

800 

* 

100 

* 

100 

* 

100 

100 

100 

Life   

  69.300 

34.600 

31.800 

2.800 

11.400 

3.900 

7.500 

3.500 

2.600 

4.700 

12.100 

300 

Malf^   

  34.500 

19.400 

17.200 

2.200 

5.200 

1.900 

3.300 

1.300 

1.500 

2.200 

5.000 

  34.700 

15.300 

14.700 

600 

6,200 

2.000 

4,200 

2.200 

1.200 

2.500 

7.100 

200 

  63.300 

28.800 

27.600 

1.200 

7.200 

1,900 

5.300 

11.900 

1.200 

5.100 

8.900 

200 

Malo   

  19.200 

12,100 

11.200 

800 

900 

200 

700 

2.200 

200 

1.400 

2.500 

* 

Female   

  44.000 

16.700 

16.400 

400 

6.300 

1.700 

4.600 

9.700 

1.000 

3.700 

6.400 

200 

  116.000 

72.500 

68.200 

4.200 

10.900 

3.500 

7.400 

5.900 

5,500 

8.400 

12.300 

500 

  63.300 

42.900 

39.300 

3.600 

4.500 

1.400 

3.100 

1.300 

3.000 

5.400 

6.100 

200 

  52,700 

29.600 

29.000 

600 

6.400 

2.100 

4.300 

4.600 

2.500 

2.900 

6.200 

300 

(continued) 
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Number  of  1908  and  1989  science  and  engineering  bachelors  degree  recipients,  by  field  of  degree,  gender,  and  type  of  employer:  1990 

(page  2  of  3) 

Type  of  employer 


Business  and  industry 


Educational  institution 


Fiolfi  oi  degree  and  gender 

Total  engineering  

Male   

Female  

Aernnatitical/astronautica!  

Malo  

r-Vrnale  

Che.MJCJ'jJ  

Male  

Female  

Civil  

Male   

Female  

Electrical/electronic  ^ . 

Male  

Female  

Industrial  

Male  

Female  

Malf3rinls  

Male  

Female  

Mecliar^ical  

Male   

Female  

Mining  

Male   

Female  


Total 
pmnlnvpd 

Total 

Induslrv 

Self- 
employed 

Total 

4-year 
college/ 
univ. 

Other 

Non- 
profit 
ora, 

Federal 
Gov't 

State/ 
local 
gov't 

Other 

No 
report 

126,700 

98,900 

97.200 

1,800 

2,600 

1.700 

800 

1,100 

7,900 

5,800 

10,000 

400 

107,900 

84,300 

82.700 

1,600 

2,100 

1.300 

800 

900 

6,500 

4,800 

8,900 

400 

18.800 

14,600 

14.500 

100 

400 

400 

ft 

300 

1.400 

1,000 

1.100 

ft 

5.800 

3.200 

3,200 

100 

100 

100 

800 

1,600 

5,200 

2.900 

2.900 

100 

100 

100 

ft 

ft 

700 

* 

1,400 

• 

600 

300 

300 

* 

ft 

ft 

• 

ft 

100 

ft 

200 

* 

6.000 

5,200 

5.200 

100 

100 

300 

200 

100 

4,000 

3,500 

3,500 

* 

100 

100 

ft 

200 

100 

100 

ft 

2.000 

1.700 

1,700 

ft 

* 

* 

* 

ft 

200 

100 

ft 

ft 

13.200 

8.600 

8,300 

300 

100 

100 

100 

500 

2,900 

900 

100 

1 1 ,300 

7,300 

7.000 

300 

100 

100 

ft 

100 

400 

2.400 

800 

100 

1.900 

1,300 

1.300 

* 

ft 

* 

ft 

100 

500 

100 

ft 

47.900 

38,600 

37.800 

800 

1,300 

900 

300 

700 

3.400 

1 .300 

o  Ann 

oUO 

42,400 

34.300 

33.600 

700 

1.000 

700 

300 

500 

2.900 

1,200 

2.200 

300 

5,500 

4.300 

4.200 

100 

200 

200 

ft 

300 

500 

100 

200 

ft 

11.100 

9.300 

9.200 

200 

100 

100 

500 

200 

900 

8.700 

7.300 

7.100 

200 

100 

100 

ft 

ft 

400 

100 

800 

2,400 

2.100 

2,000 

* 

ft 

ft 

ft 

ft 

200 

ft 

100 

1.300 

1,100 

1.100 

100 

100 

100 

1,000 

800 

800 

100 

ft 

100 

300 

200 

200 

ft 

* 

* 

* 

* 

ft 

ft 

ft 

25,600 

21.100 

20.900 

200 

300 

100 

200 

200 

1.700 

600 

1.700 

22.600 

18.600 

18.300 

200 

300 

100 

200 

200 

l.bOO 

400 

1.600 

3,000 

2,500 

2.500 

* 

ft 

ft 

ft 

ft 

200 

100 

100 

800 

700 

700 

ft 

ft 

* 

* 

* 

* 

ft 

ft 

600 

600 

600 

* 

* 

* 

* 

* 

ft 

ft 

ft 

100 

100 

100 

ft 

* 

ft 

ft 

ft 

* 

* 

ft 
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Appendix  table  3-10. 

Number  of  1988  and  1989  science  and  engineering  bachelors  degree  recipients,  by  field  of  degree,  gender,  and  type  of  employer:  1990 

(page  3  of  3) 


Type  of  employer 
Business  and  industry         Educational  institution 

4-year  Non-  Slate/ 


Total 
pmnln\/pH 

Total 

Industry 

1  i  i\iJ  u^ii  y 

Self- 
emoloved 

Total 

college/ 
univ. 

Other 

profit 
ora 

Federal 
Gov't 

local 
qov/'t 

Other 

No 
report 

  700 

300 

300 

* 

* 

* 

100 

* 

300 

Male  

  500 

300 

300 

* 

* 

* 

* 

* 

* 

200 

  200 

* 

* 

* 

• 

* 

* 

* 

* 

100 

  900 

800 

800 

* 

* 

* 

* 

* 

* 

* 

Male   

  800 

700 

700 

* 

* 

* 

* 

* 

Female  

  100 

100 

100 

* 

* 

* 

* 

* 

* 

* 

Other   

  13,400 

10.000 

9.800 

200 

500 

300 

200 

400 

600 

1,900 

Male   

  10.800 

8.000 

7,800 

200 

400 

200 

200 

300 

500 

1.600 

Female  

  2,600 

2,000 

2,000 

* 

100 

100 

100 

100 

300 

'   loo  tev;  cases  to  report 

NOTE-  f)otaiis  may  not  sum  to  totais  because  of  rounding  Data  exclude  full-lime  graduate  students. 

SOURCt:  Scu3nce  Resources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Recent  Science  and  Engineering  Graduates:  1990  (Washington.  DC:  NSF.  forthcoming). 
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Appendix  table  3-11. 

dumber  of  1988  and  1989  science  and  engineering  masters  degree  recipients,  by  field  of  degree,  gender,  and  type  of  employer:  1990 

}    (page  1  of  3) 


Field  of  degree  and  gender 

TOTAL  SCIENCE  &  ENGINEERING. 

Male  

Female  


Total  sciences 

Male  

Female  .  .  . 


Physical  . 
Male  .  , 
Female 


Mathematics/statistics . 

Male  

Female  


Computer.  . 
Malfi  .  . 
Female 


Environmental 
Male  .  . 
Female 


Life 


Female 


Psychology 
Male 
Female . 


Social 
Malo 
Female 


Type  of  employer 


Business  and  industry 


Educational  institution 


Total 
employed 

Total 

Industry 

Self- 
employed 

1  oiai 

4-year 
college/ 
univ. 

umer 

Non- 
profit 
ory. 

Federal 

OUV  I 

State/ 
local 

yuv  I 

No 
report 

100.600 

60,200 

58.000 

2,200 

16,700 

8,100 

8.600 

2.500 

7.800 

5.300 

7.900 

200 

71  000 

4fi  700 

4S  SOO 

1  ?00 

9,200 

5,000 

4.200 

1 .200 

5,100 

3,000 

5.700 

100 

29,600 

13.500 

12,500 

1,000 

7,500 

3,100 

4.400 

1,300 

2,700 

2,300 

2,200 

100 

66.700 

3o,700 

31.900 

1,900 

15.500 

7,100 

8.400 

2,200 

5.400 

4,200 

5,600 

100 

AA  QOO 

QQ  QOO 

no  900 

1  000 

fl  100 

4  100 

4,100 

900 

3,200 

2,200 

3,600 

25,400 

10.500 

9,600 

900 

7,400 

3,000 

4,400 

1,300 

2,200 

2,000 

2,000 

* 

5.200 

2.800 

2.800 

* 

1,400 

600 

900 

100 

300 

100 

300 

o,7UU 

Q  OOO 

0  000 

* 

QOO 

*^oo 

SOO 

100 

300 

100 

300 

1.400 

800 

800 

* 

500 

100 

400 

* 

100 

* 

* 

• 

8.400 

3.500 

3.400 

* 

3.700 

1,000 

2,700 

100 

200 

100 

800 

000 

0  'lOO 

* 

1  700 

600 

\J\J\J 

1 ,000 

100 

100 

100 

700 

3.400 

1.200 

1.200 

* 

2.000 

300 

1,700 

* 

100 

* 

100 

• 

19.400 

15,000 

14,700 

300 

1.400 

700 

700 

300 

800 

300 

1.700 

1  i  000 

1 0  700 
1 U.  /UK) 

'lOO 

1  000 

ROO 

'SOO 

100 

600 

200 

1,400 

5,100 

4,000 

4,000 

• 

400 

200 

200 

200 

200 

100 

200 

• 

4.000 

2,500 

2.300 

100 

400 

300 

100 

* 

500 

300 

300 

o  Qon 

1  QOO 

1  flOO 

100 

POO 

100 

* 

300 

100 

200 

1.100 

600 

500 

* 

100 

100 

* 

* 

200 

200 

100 

• 

1 1 .800 

3.500 

3.200 

300 

4.100 

2.100 

2.000 

500 

1.400 

1.200 

1.000 

34,500 

19,400 

17,200 

4  AAA 

1  .yuu 

o.oUU 

1  'lOO 

1  .ouu 

1  ^00 

P  POO 

f%  000 

34,700 

15.300 

14,700 

600 

6.200 

2,000 

4.200 

2,200 

1.200 

2.500 

7.100 

200 

4.500 

1,400 

1.400 

* 

1,100 

500 

600 

700 

200 

300 

700 

* 

1.700 

600 

600 

* 

400 

200 

300 

200 

200 

100 

200 

* 

2.800 

800 

800 

* 

700 

300 

300 

500 

100 

200 

500 

• 

13,400 

5.100 

4.100 

1,000 

3.400 

1.900 

1.500 

500 

1,800 

1,900 

800 

* 

7.700 

3.000 

2.700 

300 

1.900 

1,000 

900 

300 

1,200 

800 

400 

* 

5.800 

2.100 

1.400 

700 

1,500 

900 

600 

300 

600 

1.100 

400 

• 

!  ^3' 


it 

i  I 

^1 
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Appendix  table  3-11. 

Number  of  1988  and  1989  science  and  engineering  masters  degree  recipients,  by  field  of  degree,  gender,  and  type  of  employer:  1990 

(page  2  of  3) 


s 


Type  of  employer 


ERIC 


Business  and  industry 


Field  of  degree  and  gender 

Total  engineering  

Male  

Female  

Aeronautical/astronauticai 

Male  

Female  

Chemical  

Male  

Female  

Civil  

Male   

Female  

Electrical/electronic  

Male   

Female  

Industrial  

Malo   

Female  

Materials  

Malo 

Female  

Mechanical  

Malo   

Female  

MaiifUj   

Male   

Female 


Tola! 
employed 


Self- 


Educational  institution 

4-year  Non- 
college/  profit 


Federal 


State/ 
local 


No 


Total 


33,900 
29.700 
4,200 

1.400 
1,400 


26,500 
23,500 
3.000 

1.000 
900 


26,200 
23.200 
2,900 

1,000 
900 


1.400 

1,200 

1,200 

1,100 

1.000 

1,000 

300 

200 

200 

4.100 

2,800 

2.800 

3,600 

2.600 

2,500 

500 

300 

300 

10.500 

8,700 

8,600 

9,600 

8.000 

8,000 

900 

700 

600 

2.200 

1,700 

1,700 

1,800 

1.400 

1,400 

400 

300 

300 

1,000 

900 

900 

700 

600 

600 

300 

300 

300 

6700 

5,600 

5,500 

6,300 

5,400 

5,300 

400 

300 

300 

400 

300 

300 

300 

200 

200 

100 

100 

100 

tployed 

Total 

univ. 

Other 

org. 

Gov't 

gov't 

other 

report 

300 

1.200 

1,000 

200 

300 

2,400 

1,100 

2,300 

100 

200 

1,000 

900 

100 

300 

1.900 

800 

2,100 

100 

100 

200 

100 

* 

* 

500 

300 

200 

* 

* 

* 

100 

200 

100 

* 

* 

100 

200 

100 

100 

100 

* 

* 

* 

100 

* 

100 

* 

* 
* 

* 
* 

* 

* 

100 

100 

400 

500 

300 

100 

100 

200 

400 

300 

* 

* 

100 

100 

* 

100 

300 

300 

700 

100 

700 

* 

300 

300 

600 

* 

700 

100 

* 

* 

* 

100 

* 

100 
100 


100 
100 


300 
300 


100 
100 


300 
300 


200 
100 
100 


200 
200 


100 
100 


400 
300 
100 


100 
100 


200 
200 
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Appendix  table  3-1 1 . 

number  of  1988  and  1989  science  and  engineering  masters  degree  recipients,  by  field  of  degree,  gender,  and  type  of  employer:  1990 

(page  3  of  3) 


Type  of  employer 
Business  and  industry  Educational  institution 


4-year  Non-  Stale/ 

Total  Self-  college/  profit     Federal     local  No 

Field  of  degree  and  gender  employed    Total    Industry   employed  Total       univ.      Other      org.       Gov't      gov't      Other  report 


Nuclear   300  200  200  *           *           *           *           *           *           *  100 

Male   200  100  100  '           '           '           *           *           *           *  100 

_,  »....»••••• 

Female  

Petroleum    300  300  300 

Male   300  200  200  *******  * 

Female  

Other   5,500  3,800  3.800  100        200        100        100            *        500        300  600 

Male                   '   4,300  3,000  2,900  100        200         100         100            *        300        300  600 

Female   1.200  900  800  *         100            *            *            *        200  100 


•  .  Ux)  few  cases  to  report 

NOTE  Details  may  not  sum  to  totais  because  of  rounding.  Data  exclude  full-time  graduate  students. 

SOUf^CE  Science  Resources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Recent  Science  and  Engineering  Graduates:  1990  (Washington,  DC:  NSF.  forthcoming). 

See  figure  3-8  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-12. 

Employed  doctoral  scientists  and  engineers,  by  field  and  gender:  1977-89 

(page  1  of  2) 


1977       1979       1981       1983       1985       1987  1989 


Field  and  gender  

TOTAL  SCIENTISTS  AND  ENGINEERS   285.055  314,257  343,956  369,320  400,358  419.118  448,645 

^yiaie    257,465  280,857  302.971   320,494  341,873  352,386  371.483 

Female.                           27.590  33,400  40.985  48,826  58.485  66,732  77.160 

Total  scientists    240,005  263,915  286,917  307,775  334,505  351.350  373,860 

H^ale    212,696  231,040  246,685  260,025  277,508  286,346  299,015 

Female.   27,309  32,875  40,232  47.750  56.997  65.004  74,845 

Physical    57,531  60,222  63,110  63,986  67,480  68,647  70,209 

^yiaie   54,594  57,086  59,346  59,811  62,809  63,163  64,139 

Female..!"..."..   2.937  3,136  3.764  4,175  4.671  5,484  6,070 

Mathematical    14,609  15,250  15.569  16,379  16,758  16,699  17,611 

Male    13,560  14,104  14,259  14,964  15,199  15,074  15,766 

Fema\e..........   ''-0''9  l-'^'^  1.310  1,415  1,559  1.625  1,845 

Computer  specialists   5,767  6,684  9,064  12,164  14,964  18,571  19,797 

lyiaie    5.534  6,318  8.363  10,898  13,345  16,693  17,493 

Female  ................  ■■■   233  366  701  1.266  1,619  1.878  2,304 

Environmental    13,001  14,575  15,909  16,467  17,288  17,811  19,787 

^/laie    12,560  13.968  15,054  15,553  16,199  16,510  18,123 

Female ......  ■■■■■   441  607  855  914  1,089  1,301  1,664 

Lifg    70,537  78.857  84,912  02,802  101,838  107,378  115.833 

(yiaie   61,437  67.528  71,593  7G,573  82,146  85,269  89,558 

Female  ......  ■■■■■   9.100  11-329  13,319  16,229  19.692  22,109  26,275 

Psvcholoqists    33,652  37,848  42,829  46.645  52,182  56,378  60,596 

Male    26,055  28,690  31,103  32,962  35,573  37.274  38,754 

female........   7.597  9,158  11,726  1  3,683  1  6,609  1  9.104  21,842 

Social    44,908  50,479  55,524  59,332  63,995  65,866  70,027 

Male   38,956  43.346  46.967  49,264  52,237  52,363  55,182 

female  ......  ■■■■   5,952  7,133  8,557  10,068  11,758  13,503  14,845 

Total  engineers    45,050  50,342  57,039  61,545  65,853  67,768  74,783 

Male                                                        ••••  44.769  49.817  56,286  60,469  64,365  66,040  72,468 

Fema\e.     281  525  753  1,076  1,488  1.728  2.315 

Aeronautical/astronautical   1,987  2,364  2,519  3,684  3,827  5,005  6,367 

Male    1,967  2,340  2,480  3.614  3,732  4,884  6,156 

Female ■.  ■.:"   20  24  39  70  95  121  211 

Chemical    5,603  6,166  7,146  6,992  7.122  6,923  7,959 

Male                                                      ■••  5,575  6,117  7,092  6.895  7,021  6,783  7,744 

Female:'.'.:::'::..'.'.:   28  49  54  97  101  i4o  215 

Civil    4,066  5.157  6,089  5,317  6,396  6,479  6.951 

Male   4.051  5,101  6.003  5,245  6,305  6,316  6,762 

Femaie:: :::::.:.:   15  56  86  72  91  i63  i89 

Electrical/electronic   8,284  8,597  1  0,63U  12,696  14,248  12,601  15,088 

Male  8.246  8.528  10,493  12,460  13,901  12,236  14,651 

Fema'le::::::::::::::::::   38  69  137  236  347  365  437 

Mechanical   4,648  5,245  5,Q70  5,657  6,594  6,711  7,390 

Male    4.629  5,213  5.330  5,603  6,536  6,613  7,287 

Female:::::::::::::::::::.:.:   19  32  40  54  58  98  103 


(continued) 
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Appendix  table  3-12. 

Employed  doctoral  scientists  and  engineers,  by  field  and  gender:  1977-89 

(page  2  of  2) 


Field  and  gender 

1977 

1979 

1981 

1983 

1985 

1987 

1989 

Other  

  20.462 

22.813 

25,285 

27,199 

27,666 

30.049 

31,028 

  20,301 

22,518 

24.888 

26,652 

26,870 

29,208 

29.868 

  161 

295 

397 

547 

796 

841 

1,160 

NOTE:  Details  may  not  sum  to  totals  because  of  rounding. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  Characteristics  of  Doctoral  Scientists  and  Engineers  in  the  United  States: 
1989.  NSF  91-317  (Washington,  DC:  NSF.  1991). 

See  figures  3-1 1 , 3-12,  and  3-1 5.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-13. 

Employed  doctoral  scientists  and  engineers,  by  field  and  race/ethnicity:  1977-89 

(page  1  of  2) 


Field  and  racial/ethnic  group  1977  1979  1981 

TOTAL  SCIENTISTS  AND  ENGINEERS   285.055  314,257  343,953 

While   258.255  284.965  309.123 

Black   2.709  3.227  4,224 

Asian   16.275  22,912  27,350 

Other   7.816  3.153  3.256 

Total  scientists   240.005  263.915  286.917 

While   219.636  243.008  261.912 

Black   2.58b  3.125  3,954 

Asian   11.229  15.037  18.328 

Other   6.552  2,745  2.723 

Physical   57.531  60.222  63.110 

White   51.963  54,618  56.245 

Black   543  403  579 

Asian   3.441  4.719  5.769 

Other   1.584  482  517 

Mathematical   14.609  15.250  15.569 

White   13,218  13.729  13,975 

Black   120  144  167 

Asian   799  1.110  1.155 

Other   472  267  272 

Computer  specialists   5.767  6.684  9.064 

White   5.014  6.059  8.056 

Black   15  4  27 

Asian   613  561  868 

Other   125  60  113 

Environmental   13.001  14.575  15.909 

White   12.125  13.813  14.996 

Black   24  65  34 

Asian   572  539  744 

Other   280  158  135 

Life   70.537  78,857  84.912 

White   64,243  71 ,861  77,089 

Black   769  883  1,013 

Asian   3.980  5,417  6.257 

Other   1.545  696  553 

Psychologists   33.652  37,848  42.829 

White   31.943  36,480  9.825 

Black   467  594  809 

Asian   313  412  583 

Other   929  362  31.612 

Social   44.908  50.479  55.524 

White   41.130  46.448  50,542 

Black   650  1.032  1.325 

Asian   1.511  2.279  2,952 

Other   1.617  720  705 


1983 


1985 


1987 


1989 


369,320 
328.455 

4.948 
29.740 

6,177 

307.775 
278.722 

4,538 
19.259 

5.256 


400,358 
355.125 

5,716 
34.533 

4.984 

334.505 
302.526 

5,203 
22.651 

4,125 


419.118 
372,985 

6.359 
36.397 

3,377 

351.350 
319.091 

5.704 
23.645 

2.910 


448.643 
397.169 

7.153 
41.106 

3.215 

373.860 
338.040 
6.539 
26.522 
2,759 


CO  QQC 

DO.^OD 

DO.D'f  / 

70  9nQ 

56.521 

59.598 

60.751 

61.594 

690 

522 

620 

831 

O.DO  1 

U.  /  oo 

1  ,uy  1 

7QQ 

/  yy 

AfKfK 
400 

ooy 

iD,o/ y 

1  Q.  7f^Q 
1  0,  /  Oo 

1  A  AQQ 

1 7  R1  1 

14.531 

14,921 

14.940 

15.624 

178 

166 

166 

198 

1  .O/O 

1  .OOo 

1  9kAA 

oUo 

1 1 1 

1 A^ 

A  A  Qf^A 
1  H  .yoH 

lo  C71 

1  Q  7Q7 

11.012 

13,064 

16,219 

17,018 

43 

85 

200 

190 

y'f'f 

1  f^^A 

1  ,ooo 

■1  Cf^ 
1  00 

1  O  1 

1  DO 

Ad  A  C7 

lb. 4b/ 

1  7  P1  1 

1  Q  7fl7 

1  y.  /  o/ 

A  ^  A7R 

10./  1  H 

1  U.uO  / 

1  O,  \  \J>J 

33 

98 

222 

228 

770 

1,133 

943 

1,338 

188 

283 

59 

56 

92.802 

101.838 

107.378 

115.833 

83.378 

92.002 

96.955 

104.295 

1.142 

1.419 

1.456 

1.633 

6.750 

7.412 

8.207 

9,276 

1,532 

1.005 

760 

629 

46.645 

52.182 

56,378 

60.596 

44,237 

49.508 

53,655 

57.833 

983 

1.190 

1.266 

1,350 

640 

756 

858 

934 

785 

728 

599 

479 

59.332 

63,995 

65.866 

70.027 

53.567 

57,659 

59.984 

63,511 

1.469 

1.723 

1.774 

2.109 

3,093 

3.787 

3.529 

3,712 

1.203 

826 

579 

695 
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Employed  doctoral  scientists  and  engineers,  by  field  and  race/ethnicity:  1977-89 

(page  2  of  2) 


ri6iu  ano  raciai/6innic  group 

1  Q77 

1  Q7Q 

1  QQ1 

1  yo  1 

1  QQO 

1  yoo 

1  QQ7 

1  yo/ 

1  yoy 

Total  engineers  

  45,050 

50,342 

57.039 

61,545 

65,853 

67,768 

74,783 

White  

  38,619 

41,957 

47,211 

49,733 

52,599 

53,894 

59,129 

Black  

  121 

102 

270 

410 

513 

655 

614 

Acian 

7  875 

Q  099 

10  ^A1 

1 1  flA9 

19  7S9 

14  Sfl4 

Other  

  1,264 

408 

536 

921 

859 

467 

456 

Aeronautical/astronautical  

  1,987 

2,364 

2.519 

3,684 

3.827 

5,005 

6.367 

While  

  1,793 

2,122 

2,232 

3,128 

3,295 

4.092 

4,786 

Black  

  0 

2 

10 

21 

27 

34 

165 

Acion 

1  '^fl 

9RQ 

^oy 

4fl9 
HOc. 

DUO 

OQ\7 

1  ,oyQ 

Other  

  56 

8 

8 

53 

2 

10 

21 

Chemical  

  5.603 

6,166 

7,146 

6,992 

7,122 

6,923 

7.959 

While  

  4.674 

4,953 

5,553 

5,384 

5.130 

4,988 

6,008 

Black  

  12 

10 

37 

13 

66 

72 

39 

791 

1  9nn 

1 

1  ^^09 

1  Q9'^ 

1  fl14 

1  flQQ 

1  ,oyy 

Olher  

  196 

3 

2 

93 

3 

49 

13 

Civil  

  4,066 

5,157 

6,089 

5,317 

6396 

6,479 

6,951 

White  

  3,255 

3,875 

4,785 

4,190 

5,063 

5,182 

5,554 

Black  

  5 

1 

24 

24 

85 

23 

77 

71fl 

1  OC\A 

1  99fi 

1  0*^Q 

1  1fl9 

1  9*^4 

1  '^0*^ 
1  ,OUu 

Other   

  88 

11 

54 

44 

66 

20 

15 

Electrical/electronic  

  8.284 

8,597 

10,630 

12,696 

14,248 

12.601 

15,088 

White  

  7,229 

7,252 

8,931 

10,310 

1 1 .386 

9,744 

1 1 ,604 

Black  

  45 

15 

40 

75 

90 

209 

118 

Acisn 

1  979 

9  OQ*^ 

^  9^A 

Other  

  177 

58 

107 

218 

219 

123 

132 

Mechanical  

  ^648 

5,245 

5.370 

5,657 

6,594 

6,711 

7.390 

While  

  3,793 

4,057 

4,313 

4,382 

5,069 

5,124 

5,800 

Black  

  5 

22 

10 

91 

81 

127 

14 

771 

1  1A'^ 

1  1  »^7 
1,10/ 

1  419 

1  AQ7 

Olher  

  79 

1 

2 

27 

90 

48 

79 

Other  

  20,462 

22,813 

25,285 

27,199 

27,666 

30.049 

31,028 

White  

  17,875 

19,698 

21,397 

22,339 

22,656 

24,764 

25,377 

Black  

  54 

52 

149 

186 

164 

190 

201 

Asian  

  1,665 

2,802 

3,376 

4,188 

4,367 

4,878 

5,254 

Other  

  668 

261 

363 

486 

479 

217 

196 

NOTE:  Details  may  not  sum  to  totals  because  of  rounding. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation.  Characteristics  ol  Doctoral  Scientists  and  zngineers:  1989  "'SF  9^-317 
(Washington,  DC:  NSF,  1991). 
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Appendix  table  3-14. 

Employed  doctoral  scientists  and  engineers,  by  field  and  primary  work  activity:  1977-89 
(page  1  of  4) 

Field  and  primary  work  activity   1977  1979  1981  1983  1985  1987  1989 

TOTAL  SCIENTISTS  AND  ENGINEERS   285.055  314,257  343,956  369,320  400,358  419,118  448.643 

Research   79.995  84,678  101,691  104.511  110,539  135,384  145,559 

Basic  research   43,551  47.908  55,181  57,137  61,451  63,230  67.687 

Applied  research'   36,444  36.770  46.510  47.374  49.088  72.154  77,872 

Development   13.188  15.009  18.361  20,277  21,976  i8.909  21.042 

Management  of  R&D   30,783  43.084  32.709  31.418  34.938  33,897  35.414 

Management  other  than  R&D   29.913  29.230  27.806  30.395  34.694  33.850  38,072 

Teaching   90.830  92.242  105.150  108.236  111,717  109,730  112.715 

Consulting   6.149  9.012  12.065  12.746  14.164  13,804  16,767 

Sales/professional  services^   15.233  21.126  25,757  29,820  36.496  32,644  36,599 

Reporting/statistical  work/computing   NA  NA  NA  NA  NA  11.891  25.029 

Other   18.964  19,876  20.417  31.917  35.834  29.009  17.446 

Total  scientists   240.005  263.915  286.917  307.775  334.505  351.350  373,860 

Research   69,683  74.739  88.180  89.528  95.556  115,587  123.312 

Basic  research   41.892  45,953  52.404  54.038  57.G33  59.716  64.112 

Applied  research'   27,791  28.786  35.776  35.490  37.723  55.871  59.200 

Development   6.349  7.185  8.487  10,514  11.185  9.083  9.348 

Management  of  R&D   22.135  30,565  22,489  20.881  24.003  22.792  24.354 

Management  other  than  R&D   24.003  24.915  22.869  25,440  29.242  29.402  33.238 

Teaching   82.029  82.909  94,416  96.403  99.237  97,938  99.972 

Consulting   4.538  6.415  8.231  8.999  10.459  9.910  11.549 

Sales/professional  services'   14,568  20.029  24.271  28.568  34.252  32.500  36.467 

Reporting/statistical  work/computing   NA  NA  NA  NA  NA  10.527  20.297 

Other   16.700  17,158  17,974  27.442  30.571  23,611  15.323 

Physical   57.531  60.222  63,110  63.986  67.480  68,647  70.209 

Research   22.271  21,135  26.515  25.569  26.253  30.750  31,846 

Basic  research   12.168  12.087  13.848  14.049  14,349  13.158  13.047 

Applied  research'   10,103  9,048  12.667  11,520  11.904  17.592  18.799 

Development   2.543  2.796  3.075  3,484  3.647  3.779  3.831 

Management  of  R&D   8.464  12.644  8.785  8.793  9,370  8.184  8.493 

Management  other  than  R&D   4,718  3.523  3.165  3.052  3.627  2,750  3,549 

Teaching   14.724  14,450  15.570  14,652  15.170  15.213  14,492 

Consulting   407  761  1,112  925  1.206  1.390  1.245 

Sales/professional  services'   1.088  1.205  1.437  1.641  2,026  531  531 

Reporting/statistical  work/computing   NA  NA  NA  NA  NA  959  3.993 

Other   3.316  3.708  3.451  5.870  6.181  5.091  2.229 

Mathematical   14,609  15,250  15.569  15,379  16.758  16.699  17.611 

Research   2.912  3.138  2.969  2,913  3.452  3.838  4.241 

Basic  research   1.830  2,073  1.741  1.767  2,323  2,835  3,090 

Applied  research'   1.082  1.065  1.228  1.146  1.129  1.003  1.151 

Development   408  492  395  490  573  161  200 

Management  of  R&D   298  443  282  531  357  307  264 

Management  other  than  R&D   1,082  1,281  1,042  965  1.343  1.110  1.094 

Teaching   9.088  8,865  9.596  9,701  9.445  9,347  9.758 

Consulting   145  369  458  599  473  308  328 

Sales/professional  services'   78  249  300  261  213  22  46 

Reporting/statistical  work/computing   NA  NA  NA  NA  NA  808  1.213 

Other   598  413  527  919  902  798  467 
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Appendix  table  3-14. 

Employed  doctoral  scientists  and  engineers,  by  field  and  primary  work  activity:  1977*89 
(page  2  of  4) 


Field  anf"  irimary  work  activity 

1977 

1979 

1981 

1983 

1985 

1987 

1989 

5,767 

6,684 

9.064 

12,164 

14,964 

18,571 

19.797 

777 

909 

1,515 

1,508 

1,970 

3,415 

3,658 

RaQir  rPQAArrh 

283 

435 

620 

615 

1,005 

1.391 

1,463 

494 

474 

895 

'  893 

965 

2.024 

2.195 

1,812 

2.131 

3,008 

3,892 

4.106 

3,067 

2,933 

Q71 

808 

1 ,1 14 

1,734 

2.292 

2,368 

RR7 

938 

1  128 

1,348 

1.627 

1  1QP 

1 ,546 

2,361 

2,828 

2,809 

3,559 

155 

301 

554 

678 

914 

8*^5 

884 

65 

151 

217 

375 

461 

3 

37 

Rpnnrtinn/QtfltiQtiml  wnrk/rnmniitinn 

NA 

NA 

NA 

NA 

NA 

3,287 

4,161 

nthpr 

364 

446 

526 

1,298 

1,823 

1,525 

570 

Pnwironmpntal 

13,001 

14,575 

15,909 

16.467 

17,288 

17,811 

19,787 

4  674 

5,242 

6,036 

6,399 

6,501 

7,567 

8,477 

Rn^ir  rpc^Pr^rrh 

2,499 

2,704 

3,307 

3,287 

3.559 

3,599 

3,924 

2,175 

2,538 

2,729 

3,112 

2,942 

3,968 

4,553 

200 

370 

286 

329 

313 

141 

253 

1  RT1 

9  ^R1 

1  BPS 

2,058 

1.937 

2.141 

1  d4fl 

1  IQT 

1 .166 

1,304 

1,400 

1.647 

1,635 

fiOfi 

3,435 

3,393 

3.418 

3,447 

■  ^/\noi  lifting 

838 

1,045 

1 ,198 

1,407 

1,402 

1,785 

f^AlPQ/nmfPQQinrml  QPrv/irPQ^ 

137 

216 

381 

242 

315 

88 

74 

Rpnnrtinn/QtAtiQtimI  wnrk/mmni itinn 

NA 

NA 

NA 

NA 

NA 

630 

1,130 

nthpr 

1,037 

1,380 

1,009 

1,735 

1,901 

981 

845 

1  ifp 

70  537 

78,857 

84,912 

92,802 

101,838 

107,378 

115,833 

27  868 

31.905 

37.962 

39,491 

42,865 

51,701 

55,277 

Ra^ir  rPQPArrh 

19  954 

23,413 

27,223 

28,784 

30,990 

31,225 

33,640 

7,914 

8,492 

10,739 

10,707 

11.875 

20,476 

21,637 

817 

855 

1.049 

1,532 

1,725 

1,418 

1,583 

7  340 

9.246 

6,711 

6,165 

7,328 

7,310 

8,036 

fi  9nfi 

fi  fin 

5,416 

6,806 

8,335 

8,233 

9.405 

A  *^  ^  ^  m 

iQ  qqo 

21 ,733 

PP  4*^P 

PP  430 

21,701 

21,998 

1 ,037 

1,441 

1,535 

1,981 

2,383 

2,258 

2,657 

f^Alp^/nrnfpQQinrmi  c^prvirpc^' 

3  017 

4,264 

5,264 

6,223 

7,325 

6.720 

7.057 

Don«^rf inn/cf^ficftiPAi  uuork/pomni  ilir^n 

NA 

NA 

NA 

NA 

NA 

1,636 

4.830 

5  PRO 

5,241 

5,242 

8,152 

9,447 

6,401 

4,990 

37,848 

42,829 

46,645 

52.182 

56.378 

60.596 

3  705 

4,535 

4.970 

4,704 

4.765 

6.107 

6.637 

Raqip  rPQPArph 

1,937 

2.546 

2,464 

2,344 

2.316 

2,884 

3,290 

1  768 

1,989 

2,506 

2,360 

2,449 

3,223 

3,347 

20.; 

271 

404 

313 

423 

364 

316 

1.609 

1.620 

1,060 

903 

1,043 

1,030 

898 

Management  other  than  R&D  

4.297 

5,002 

4.745 

4.705 

5.152 

5.695 

6.106 

10,805 

10,330 

12,477 

12,708 

13,184 

13,839 

13,455 

1.481 

1.499 

2.0i)1 

2.084 

2,118 

1.576 

2,239 

Sales/professlOfij^  c-iftrvices'  

9,573 

12.964 

15,12.8 

18.488 

22.044 

24,677 

28.090 

Reporting/statistical  work/computing  

NA 

NA 

NA 

NA 

NA 

597 

1,094 

1,978 

1.627 

1.994 

2,740 

3.453 

2.493 

1,761 
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Appendix  table  3-14. 

Employed  doctoral  scientists  and  engineers,  by  field  and  primary  work  activity:  1977-89 
(page  3  of  4) 


Field  and  primary  work  aclivily 

1977 

1979 

1981 

1983 

1985 

19o7 

i9oy 

44.908 

50.479 

55.524 

59.332 

63,995 

65,866 

70,027 

7.476 

7,875 

8.213 

8.944 

9,750 

12,2^^3 

13,176 

Basic  research  

3,221 

2,695 

3,201 

3,192 

3,291 

4,624 

5,658 

4,255 

5,180 

5,012 

5.752 

6,459 

7,585 

7,518 

oyo 

1  Do 

Management  of  R&D  

  2.058 

3.280 

2,463 

1.550 

2.113 

1,732 

2,154 

5.585 

6,622 

6.445 

7,670 

8,257 

8,619 

9,822 

23,718 

25,903 

29,888 

31.094 

32.787 

31,611 

33,263 

949 

1,206 

1,476 

1.534 

1,958 

2,151 

2,411 

Sales/professional  services'  

  610 

980 

1,544 

1,338 

1,868 

459 

632 

NA 

NA 

NA 

NA 

NA 

2,610 

3,876 

Other  

4.147 

4.343 

5,225 

6,726 

6,864 

6,322 

4,461 

45.050 

50.342 

57,039 

61,545 

65,853 

67,768 

74,783 

,    .  10,312 

9,939 

13,511 

14,983 

14,983 

19.797 

22,247 

1.659 

1.955 

2,777 

3,099 

3.618 

3,514 

3,575 

,    ,  8.653 

7.984 

10,734 

11,884 

11,365 

16.283 

18,672 

Development  

Q  Q7>1 

Q  7C5 

y,  /Do 

lu,  /y  1 

1 1  .Dy4 

8.648 

12,519 

10,220 

10,537 

10.935 

11,105 

1 1 .060 

5.910 

4,315 

4,937 

4,955 

5,452 

4,448 

4,834 

8,801 

9,333 

10,734 

11,833 

12,480 

11,792 

12,743 

1,611 

2,597 

3,834 

3,747 

3,705 

3,894 

5,218 

Sales/professional  services"  

665 

1,097 

1,486 

1,252 

2,244 

144 

132 

Reporting/statistical  work/computing  

NA 

NA 

NA 

NA 

NA 

1,364 

4,732 

Other  

2,264 

2,718 

2,443 

4,475 

5,263 

5,398 

2,123 

Aeronaulical/astronautical  

1,987 

2,364 

2.519 

3,684 

3,827 

5,005 

6,367 

Research  

586 

733 

763 

994 

1,045 

1,327 

1,847 

104 

293 

175 

273 

300 

231 

358 

482 

440 

588 

721 

745 

1,096 

1,489 

O  1  H 

oUO 

OUD 

1  ,oo^ 

Management  of  R&D  

454 

574 

620 

798 

931 

1,446 

1,408 

Management  other  than  R&D  

195 

86 

218 

156 

176 

224 

170 

336 

310 

387 

517 

335 

436 

631 

0 

0 

40 

138 

127 

207 

365 

25 

61 

84 

79 

125 

51 

0 

Reporting/statistical  work/computing  

NA 

NA 

NA 

NA 

NA 

114 

242 

Other  

67 

79 

93 

196 

283 

175 

322 

5.603 

6,166 

7.146 

6,992 

7.122 

6.923 

7.959 

1,187 

1,035 

2,125 

2,054 

1,995 

2,503 

3,446 

199 

175 

278 

374 

446 

488 

491 

988 

860 

1.847 

1,680 

1,549 

2.015 

2.955 

865 

1,122 

1.480 

914 

1.161 

818 

1,255 

Management  of  R&D  

1,301 

1,809 

1,192 

1,110 

1,214 

968 

894 

903 

662 

432 

587 

542 

390 

428 

713 

620 

963 

1,078 

904 

1.110 

843 

Consulting  

182 

217 

387 

227 

225 

195 

375 

Sales/professional  services*  

147 

124 

212 

185 

425 

0 

0 

Reporting/statistical  work/computing  

NA 

NA 

NA 

NA 

NA 

103 

471 

Other  

  305 

577 

355 

837 

656 

836 

247 

(continued) 
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Appendix  table  3-14. 

Employed  doctoral  scientists  and  engineers,  by  field  and  primary  work  activity:  1977-89 
(page  4  of  4) 


 :  

Field  and  primary  work  aclivily 

1  Q77 

1  y/  / 

1  Q7Q 

1  yo  1 

1  yoo 

1  yob 

1  QQ7 

1  QOQ 

1  yoy 

Civil  

4,066 

5,157 

6,089 

5,317 

6,396 

6.479 

6,951 

Research  

,   .  .  565 

705 

704 

580 

822 

1,234 

1,213 

Basic  research  

55 

36 

134 

189 

298 

273 

300 

Applied  research'  

  510 

669 

570 

391 

524 

958 

913 

C.DC. 

O  1  o 

\jO\J 

OOA 

377 

432 

443 

180 

470 

228 

231 

Management  other  than  R&D  

710 

624 

770 

598 

668 

781 

755 

1,470 

1,633 

2.164 

2.132 

2,231 

2,369 

2,439 

347 

1,073 

983 

934 

788 

871 

1,461 

Sales/professional  services'  

60 

165 

233 

113 

318 

8 

78 

Reporting/statistical  work/computing  

NA 

NA 

NA 

NA 

NA 

60 

307 

  252 

273 

278 

462 

569 

704 

231 

8,284 

8,597 

10,630 

12,696 

14,248 

12,601 

15,088 

1.418 

1,327 

1.976 

2.455 

2,344 

2,737 

3,451 

218 

100 

273 

330 

493 

494 

743 

Applied  research'  

1,200 

1,227 

1,703 

2,125 

1,851 

2,243 

2,708 

1 

^,00  1 

Management  of  R&D  

1,631 

2,534 

2,128 

2,817 

2,899 

2,197 

3,102 

Management  other  than  R&D  

959 

826 

836 

1.144 

1,273 

760 

814 

Teaching  

1,897 

1,842 

2,313 

2,447 

3,028 

2,153 

2,808 

84 

123 

377 

380 

422 

468 

424 

Sales/professional  sen/ices'  

106 

186 

242 

247 

423 

26 

0 

Reporting/statistical  work/computing  

  NA 

NA 

NA 

NA 

NA 

224 

886 

Other  

357 

305 

329 

655 

916 

1,070 

318 

4,648 

5,245 

5,370 

5,657 

6,594 

6,711 

7.390 

931 

778 

1,219 

836 

1.214 

1.850 

1.964 

134 

172 

344 

156 

376 

244 

251 

Applied  research'  

797 

606 

875 

680 

838 

1,606 

1.713 

ueveiopmeni  

1  .U  1  u 

ooo 

1  1  QQ 

Management  of  R&D  

826 

1,023 

660 

597 

896 

697 

707 

Management  other  than  R&D  

579 

392 

379 

491 

529 

411 

402 

Teaching  

1.267 

1.582 

1,501 

1.867 

2,025 

2,109 

2,387 

164 

364 

378 

342 

340 

330 

304 

Sales/professional  services'  

61 

178 

132 

65 

113 

0 

41 

Reporting/statistical  work/computing  

NA 

NA 

NA 

NA 

NA 

88 

224 

Other  

222 

75 

86 

404 

213 

388 

162 

20.462 

22,813 

25.285 

27.199 

27,666 

30.049 

31,028 

Research  

5.625 

5.361 

6,724 

8,064 

7,563 

10.146 

10.326 

Basic  research  

949 

1,179 

1,573 

1.777 

1.705 

1.781 

1.432 

Applied  research'  

4,676 

4,182 

5.151 

6.287 

5,858 

8,365 

8,894 

4  110 

H,  1 1  y 

A  Oflfl 
'f  .uoo 

o.yoD 

Management  of  R&D  

  4,059 

6,147 

5.177 

5,035 

4.525 

5,569 

4.718 

Management  other  than  R&D  

2.564 

1.725 

2.302 

1.979 

2.264 

1.882 

2,265 

3.118 

3,346 

3.406 

3.792 

3.957 

3,615 

3,635 

Consulting  

834 

820 

1.669 

1,726 

1,803 

1.823 

2,289 

Sales/professional  sen/ices'  

266 

383 

583 

563 

840 

59 

13 

Reporting/statistical  work/computing  

NA 

NA 

NA 

NA 

NA 

775 

2  602 

Other  

  1,061 

1.409 

1.302 

1,921 

:\626 

2.225 

843 

NA  =  not  available 

NOTE:  Details  may  not  sum  to  totals  because  of  rounding. 

'In  1987.  sales/professional  services  was  redefined  to  include  only  professional  services:  sales  data  from  1987  on  are  included  with  'other.'"  In  1987. 
applied  research  v/as  redefined.  Data  from  1987  o  reflect  this  change. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  Characteristics  of  Doctoral  Scientists  and  Engineers  in  the  United  States: 
1989.  NSF  91 -31 7  (Washington,  DC:  NSF,  1991). 

See  figure  3-13.  Science  &  Engineering  Indicators  -1991 
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Appendix  A.  Appenaix  Tables 


Appendix  table  3-15. 

Employed  doctoral  scientists  and  engineers,  by  field  and  type  of  employer:  1977-89 

(page  1  of  3) 

Field  and  type  of  employer  1977  1979  1981  1983  1985  1987  1989 

TOTAL  SCIENTISTS  AND  ENGINEERS   285,055  314,257  343,956  369,320  400,358  419,118  448,643 

Business  and  industry   71.562  82,858  99,126  113,463  125,767  131,699  145,148 

Educational  institution   163,768  174,483  187,011  196,050  211,611  218,697  230.932 

Federal  Government   21.389  23,946  25,124  25,793  26,337  27.532  29.242 

Slate  and  local  gcvernment   5.308  6,123  6.558  7,717  8,217  9,223  10,397 

Nonprofit  organization   10,195  12,454  12.601  11,894  13,617  15,464  16,150 

Other   12,833  14,393  13,536  14,403  14.809  16,503  16,774 

Total  scientists   240,005  263,915  286,917  307,775  334,505  351,350  373,860 

Business  and  industry   48,694  66.341  67.338  78,963  87,909  94,552  103,189 

Educational  institution   147.851  157,409  168.969  175,730  189.914  194.987  205.810 

Federal  Government   17.870  20.375  21.321  21.950  22.530  23.926  24.696 

State  and  local  government   4.924  5.882  6.201  7.334  7,855  8.697  9.858 

Nonprofit  organization   8.644  10.438  10,263  9.973  11.903  13.290  13.961 

Other   12.022  13.470  12.825  13.825  14.394  15,898  16.346 

Physical   57,531  60.222  63.110  63,986  67.480  68.647  70.209 

Business  and  industry   23.006  24.989  27.409  28.748  30.281  30.741  32.042 

Educational  institution   27.118  27.300  28.225  27.931  29.700  30.310  30.276 

Federal  Government   3.945  4,598  4.342  4.307  4.044  4.322  4.602 

Slate  and  local  government   276  279  358  246  344  448  424 

Nonprofit  organization   2.042  1.985  2,093  1.751  2.286  2,167  2.095 

Other   1.144  1.071  683  1.003  825  659  770 

Mathematical   14.609  15.250  15,569  16,379  16.758  16.699  17,611 

Business  and  industry   1.312  1.469  1.616  2.027  1.911  1.838  2.105 

Educational  institution   12.223  12.550  12.719  13.244  13.560  13.674  14,300 

Federal  Government   604  817  852  790  853  848  786 

State  and  local  government   51  51  2  21  34  26  63 

Nonprofit  organization   261  294  263  211  293  151  285 

Other   158  69  117  86  107  162  72 

Computer  specialists   5.767  6.684  9.064  12.164  14.964  18.571  19.797 

Business  and  industry   3.058  3.669  5.228  6.819  8.351  11.383  11.483 

Educational  institution   2.128  2,404  3.010  4.031  5.288  5.558  6.553 

Federal  Government   251  336  355  490  692  797  820 

Slate  and  local  government   81  7  152  336  248  258  308 

Nonprofit  organization   159  163  276  345  329  444  518 

Other   90  105  43  143  56  131  115 

Environmental   13.001  14.575  15,909  16.467  17.288  17.811  19.787 

Business  and  industry   3.103  4.246  4.705  5.154  5.254  5.168  6.266 

Educational  institution   6,285  6.146  6,741  6.682  7.222  7.483  8.001 

Federal  Government   2.417  2.716  3,075  3.102  3.309  3.363  3.264 

Slate  and  local  government   506  655  604  819  666  913  1.131 

Nonprofit  organization   520  614  623  555  678  702  894 

Other   170  198  161  155  159  182  231 

Life   70.537  78.857  84.912  92,802  101.838  107.378  115.833 

Business  and  industry   9.734  1 1 1 45  1 3 . 1 23  1 6.444  1 9. 1 65  20,455  23.572 

Educational  institution   46.865  51.673  55.762  58.906  63.595  66.415  70.479 

Federal  Government   6.372  7.167  7.225  7.771  7.962  8.709  9.132 

State  and  local  government   1.452  1.551  1.670  1,710  2.166  1.944  2.743 

Nonprofit  organization   2,401  2,970  3,150  3.258  3.884  4.256  4.267 

Other   3,713  4.351  3,982  4.713  5.066  5.599  5.640 

(continued) 


Science  &  Engineemg  Indicators  -1991 


295 


Appendix  table  3-15. 

Employed  doctoral  scientists  and  engineers,  by  field  and  type  of  employer:  1977-89 
(page  2  of  3) 


Field  and  type  of  employer  1977      1  979      1  981       1983      1  985       1  987      1  989 


Psychologists   33,652  37,848  42,829  46.645  52,182  56,378  60,596 

Business  and  industry   5,528  7.077  10.122  13.020  15,530  17.381  19,899 

Educational  institution   18,512  19,846  21,675  22,182  24.893  25,369  26,425 

Federal  Government   1.220  1.080  1,211  1,191  1,049  1,388  1,426 

State  and  local  government   1,336  1,680  1.715  2.148  1,916  2,197  2.211 

Nonprofit  organization   1.272  1,725  1,679  1,773  2,084  2,501  2,697 

Other   5,784  6,440  6.427  6,331  6,710  7.542  7,938 

Social   44,908  50,479  55,524  59,332  63.995  65,866  70,027 

Business  and  industry   2.953  3.746  5.135  6.751  7,417  7,586  7,822 

Educational  institution   34,720  37,490  40,837  42,754  45.656  46.178  49.776 

Federal  Government   3,061  3.661  4,261  4,299  4,621  4,499  4,666 

State  and  local  government   1.222  1,659  1,700  2,054  2.481  2,911  2,978 

Nonprofit  organization   1.989  2,687  2,179  2.080  2,349  3.069  3,205 

Other   963  1.236  1,412  1,394  1.471  1,623  1,580 

Total  enginei;«   45,050  50.342  57,039  61,545  65.853  67,768  74,783 

Business  and  industry   22,868  26.517  31.788  34,500  37,858  37.147  41.959 

Educational  institution   15,917  17,074  18.042  20,320  21.697  23,710  25.122 

Federal  Government   3.519  3,571  3.803  3.843  3,807  3,606  4.546 

State  and  local  government   384  241  357  383  362  526  539 

Nonprofit  organization   1.551  2.016  2,338  1.921  1,714  2.174  2,189 

Other   811  923  711  578  415  605  428 

Aeronautical/astronautical   1.987  2.364  2,519  3.684  3,827  5,005  6,367 

Business  and  industry   799  907  1.127  1.928  2.095  3.177  4.116 

Educational  institution   561  783  675  865  732  907  1.258 

Federal  Government   381  407  425  511  627  550  715 

State  and  local  government   0  0  0  1  0  0  0 

Nonprofit  organization   63  134  176  305  271  327  248 

Other   ■'83  133  116  74  102  44  30 

Chemical   5,603  6,166  7.146  6,992  7,122  6.923  7,959 

Business  and  industry   4.099  4,540  5,342  4,788  5.097  4,690  5.411 

Educational  institution   1.180  1,129  1.380  1.722  1,778  1,941  2,152 

Federal  Government   210  260  258  174  183  164  246 

State  and  local  government   8  0  23  0  0  0  14 

Nonprofit  organization   96  191  143  202  64  75  127 

Other   10  46  0  106  0  53  9 

Civil   4.066  5,157  6,089  5,317  6.396  6,479  6,951 

Business  and  industry'   1.199  1.822  2,555  1.895  2.426  1,931  2,426 

Educational  institution   2,211  2,722  2.887  3,138  3,409  3,802  3,667 

Federal  Government   279  24^,  145  79  295  387  432 

State  and  local  government   244  131  192  146  162  262  302 

Nonprofit  organization   13  0  69  16  14  49  73 

Other   120  233  241  43  90  48  51 

Electrical/electronic   8,284  8,597  10,630  12,696  14,248  12,601  15,088 

Business  and  Industry   3,916  4,687  6.187  7,615  8,566  7,600  8,780 

Educational  institution   3,290  2.930  3,592  3,960  4.672  3.979  4,829 

Federal  Government   620  719  524  776  756  637  950 

State  and  local  government   13  17  60  62  46  35  50 

Nonprofit  organization   320  184  264  218  186  254  377 

Other    126  60  3  65  22  96  102 


(continued) 
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Appendix  table  3-15. 

Employed  doctoral  scientists  and  engineers,  by  field  and  type  of  employer:  1977-89 

(page  3  of  3) 


Field  and  type  of  employer 

1977 

1979 

1981 

1983 

1985 

1987 

1989 

Mechanical  

  4,648 

5.245 

5,370 

5.657 

6.594 

6.711 

7.390 

  2.108 

2.419 

2.645 

2.596 

3.094 

2.641 

3.129 

  2.038 

2.235 

2,138 

2.578 

2,973 

3.544 

3,597 

  319 

338 

322 

353 

308 

311 

364 

  0 

1 

2 

0 

0 

8 

7 

Nonprotil  organization  

  183 

228 

263 

107 

194 

179 

230 

Other  

  0 

24 

0 

23 

25 

28 

63 

  20.462 

22.813 

25.285 

27.199 

27.666 

30.049 

31.028 

  10.748 

12.142 

13.932 

15,678 

16,580 

17.108 

18.097 

  6,637 

7,275 

7,370 

8.057 

8,133 

9,537 

9.619 

  1.710 

1,598 

2.129 

1,950 

1,638 

1,557 

1,839 

State  and  local  government  

  119 

92 

80 

174 

154 

221 

166 

Nonprofit  organization  

  876 

1,279 

1.423 

1,073 

985 

1.290 

1,134 

Other  

  372 

427 

351 

267 

176 

336 

173 

NOTE:  Details  may  not  sum  to  totals  because  of  rounding. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Doctoral  Scientists  and  Engineers  in  the  United  States: 
1989.  NSF  91-317  (Washington.  DC;  NSF.  1991). 

See  figure  3-14  and  figure  0-11  In  Oven/iew.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-16. 

U.S.  immigrant  scientists  and  engineers,  by  country  of  origin:  1988 


ouuiiiiy  ui  uiiyiM 

Total 

Pnninporc 

Natural 
scientists 

Math  scientists 
and  copRpuler 
specialists 

Social 
scientists 

  10,918 

8,081 

1,198 

1,164 

475 

Wfistsrn  EuroDG   

  1 ,674 

1,173 

257 

165 

79 

  93 

67 

10 

13 

3 

Italy  

  50 

30 

14 

2 

4 

  66 

52 

5 

6 

3 

  776 

553 

107 

92 

24 

  157 

86 

43 

10 

18 

All  others   

  532 

385 

78 

42 

27 

  723 

465 

112 

34 

112 

  313 

173 

60 

10 

70 

USSR  

  153 

116 

17 

8 

12 

Yuaoslavia  .   

  53 

36 

8 

1 

8 

  204 

140 

27 

15 

22 

  1,142 

790 

131 

132 

89 

  325 

202 

50 

54 

19 

201 

148 

28 

17 

8 

  616 

440 

53 

G1 

62 

Near  and  Middle  East  

  1 .262 

1,045 

93 

95 

29 

  648 

552 

41 

43 

12 

  134 

86 

22 

22 

4 

  480 

407 

30 

30 

13 

  4,986 

3,831 

463 

615 

77 

  432 

330 

28 

70 

A 

India 

1,246 

958 

161 

104 

23 

  102 

70 

11 

17 

4 

People's  Republic  of  China  

  740 

566 

53 

110 

11 

  798 

676 

51 

60 

11 

  183 

152 

14 

16 

1 

  907 

646 

83 

171 

7 

  578 

433 

62 

67 

16 

  1.131 

777 

142 

123 

89 

NOTES:  Data  refer  to  scientists  and  engineers  from  all  sectors.  Country  identification  is  based  on  the  country  of  birth.  "Immigrant"  refers  to  those  scientists 
and  engineers  allowed  to  stay  permanently  in  the  United  States  and  obtain  citizenship:  it  includes  both  those  who  came  directly  from  a  foreign  country  and 
those  who  changed  to  immigrant  status  while  in  the  United  States.  It  does  nof  include  those  admitted  on  a  temporary  basis  unless  they  changed  their 
status  to  become  immigrants. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation.  International  Science  and  Technology  Data  Update:  1991,  NSF  91-309 
(Washington.  DC:  NSF.  1991). 
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Appendix  A.  Appendix  Tables 


Appendix  table  3-17, 

Nonacademic  scientists  and  engineers  per  10,000  labor  force,  by  gender  for  selected  countries:  most  current 
years 


United 

United 

West 

France 

Italy 

Japan 

Kingdom' 

States- 

Germany 

(1987) 

(1981) 

(1985) 

(1981) 

(1986) 

(1985) 

Total  numbers 

TOTAL  SCIENTISTS  &  ENGINEERS 

473.897 

124,290 

1,514,200 

585,190 

3,919,900 

621,500 

Male  

405,389 

110,137 

1,444,400 

533.380 

3,393,700 

585.400 

68,508 

14,153 

69.800 

51,810 

526,200 

36,100 

Scientists  

202,541 

63,402 

389,900 

219,740 

1.676.400 

114,100 

Male  

141,413 

50,093 

338,400 

173,880 

1.242.800 

95,700 

Female  

55,128 

13.309 

51.500 

45,860 

433.600 

18.400 

Engineers  

271,356 

60,888 

1,124.300 

365,450 

2,243.500 

507.400 

Male  

257,976 

60,044 

1.106.000 

359.500 

2,150,900 

489,700 

Female  

13.380 

844 

18,300 

5,950 

92.600 

17,700 

Per  10,000  labor  force 

TOTAL  SCIENTISTS  &  ENGINEERS 

197 

61 

251 

219 

328 

223 

Male  

168 

54 

240 

199 

284 

210 

Female  

2B 

7 

12 

19 

44 

13 

Scientists  

84 

31 

65 

82 

140 

41 

Male  

59 

25 

56 

65 

104 

34 

Female  

23 

7 

9 

17 

36 

7 

Engineers  

113 

30 

187 

137 

188 

182 

107 

30 

184 

134 

180 

176 

6 

* 

3 

2 

8 

6 

Labor  force  

24,073,000 

20  246,000 

60,270,700 

26.740.000 

119.540,000 

27.844,000 

*  =  less  than  1  per  10,000 

NOTES;  Figures  refer  to  scientists  and  engineers  employed  in  science  and  engineering  jobs.  Details  may  not  sum  to  totals  because  of  rounding.  The 
numbers  of  scientists  and  engineers  for  France.  Italy.  Japan,  the  United  Kingdom,  and  West  Germany  are  estimates  prepared  by  the  U.S.  Bureau  of  the 
Census  based  on  published  and  unpublished  census  and  survey  data  for  the  years  shown.  Labor  force  data  are  from  the  Organisation  for  Economic 
Cooperation  and  Development;  thus,  the  number  of  scientists  and  engineers  per  10,000  labor  force  differs  froi^  data  published  in  Census  Bureau  reports. 

'Data  exclude  Northern  Ireland. 

'Data  by  gender  are  estimates. 

SOURCE;  Science  Resources  Studies  Division.  National  Science  Foundation.  International  Science  and  Technology  Data  Update:  1991,  NSF  91-309 
(Washington.  DC;  NSF.  1991). 

See  figure  0-7  in  Overview.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-18. 

Nonacademic  scientists  and  engineers,  by  sector  of  employment  In  selected  countries:  most  current  years 


United 

United 

West 

France 

Japan 

Kingdom' 

States 

Germany 

Sector 

(1987) 

(1985) 

(1981) 

(1988) 

(1985) 

Scientists 

PorCGnl 

•i  AA  A 

^00.0 

lUU.U 

inn  n 
lUU.U 

1  uu.u 

* 

* 

0.5 

1.0 

0.2 

1.1 

* 

1,3 

2.6 

NA 

13.5 

21.3 

31.8 

20.1 

43.0 

Construction  

1.2 

1.2 

0.7 

0.2 

0.9 

5.1 

9.2 

4.8 

3.7 

2.2 

Transportation,  communications, 

and  public  utilities  

1.5 

2.1 

5.5 

2.7 

2.9 

Services  

47.9 

64.7 

45.3 

45.6 

39.7 

Government  

29.4 

1.0 

10.1 

24.0 

7.4 

Another  

0.2 

NA 

0.1 

NA 

3.7 

Engineers 

Total  

100.0 

100.0 

100.0 

100.0 

100.0 

0.3 

0.5 

0.1 

0.1 

0.1 

3.9 

0.4 

2.0 

1.9 

NA 

Manufacturing  

34.2 

32.6 

52.4 

51.8 

43.9 

6.6 

23.0 

9.7 

1.7 

10.5 

Wholesale  and  retail  trade  

3.0 

1.9 

2.4 

2.0 

1.9 

Transportation,  communications, 

and  public  utilities  

2.3 

5.9 

10.7 

5.7 

10.1 

26.9 

31.0 

17.0 

23.3 

21.0 

Government  

22.4 

4.7 

5.7 

13.4 

12.0 

Another  

0.2 

NA 

* 

NA 

0.5 

•  =  less  than  0.05  percent:  NA  =  not  available 

NOTES;  Figures  refer  to  scientists  and  engineers  employed  in  science  and  engineering  jobs.  Details  may  not  sum  to  100  percent  because  of  rounding. 
Figures  for  France.  Japan,  the  United  Kingdom,  and  West  Germany  are  estimates  prepared  by  the  U.S.  Bureau  of  the  Census  based  on  published  and 
unpublished  census  and  survey  data  for  the  years  shown. 
'Data  exclude  Northern  Ireland. 

•Minif^g  data  for  West  Germar>y  are  included  under  transportation,  communications,  and  public  utilities. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  International  Science  and  Technology  Data  Update:  1991.  NSF91-309 
(Washington.  DC:  NSF,  1991). 

See  figure  3-18.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-19. 

Total  labor  force  and  scientists  and  engineers  engaged  in  R&D  per  10,000  labor  force,  for  selected  countries: 
1965-87 

(page  1  of  2) 


United 

United 

West 

France 

Italy 

Japan 

Sweden 

Kingdonri 

States 

Gernnany 

Labor  force  (In  thousands) 

1965  

  20,335 

21.073 

47.870 

3.742 

25.498 

76.401 

27.034 

1966  

  20.534 

20.836 

48.910 

3.792 

25.632 

77.892 

26,962 

1967  

  20,678 

20.967 

49.830 

3.775 

25.490 

79.565 

26,409 

1968  

  20.861 

21.039 

50.610 

3.822 

25.378 

80.990 

26.291 

1969 

  21,095 

20,857 

50.980 

3.855 

25.375 

82.972 

26,535 

1970  

  21,415 

20.886 

51.530 

3.913 

25.308 

84.889 

26.817 

1971  

  21,578 

20.881 

51.860 

3.961 

25.207 

86.355 

27.002 

1972   

  21,738 

20,713 

52.000 

3.970 

25.264 

88.847 

26,990 

1973   

  22,022 

20.879 

53.260 

3.977 

25.612 

91.203 

27.195 

1  Q7d 

22  260 

21.046 

53.100 

4.043 

25.659 

93.670 

27.147 

1975  

  22,353 

21,233 

53.230 

4.129 

25.893 

95.453 

26.884 

1976  

  22,605 

21,553 

53.780 

4.155 

26.111 

97.826 

26.651 

1977   

  22,910 

21,870 

54.520 

4,174 

26.224 

100.665 

2b. 577 

1 978   

  23,062 

21,950 

55.320 

4.290 

26,357 

103.882 

26.692 

1979  

  23,243 

22.276 

55,960 

4,268 

26.628 

106.559 

26.923 

1980  

  23,369 

22.553 

56.500 

4.318 

26.840 

108,544 

27,217 

1981  

  23,530 

22.693 

57.070 

4.332 

26.740 

110.315 

27.416 

1982  

  23,743 

22.798 

57,740 

4,357 

26.677 

1 1 1 .872 

27,542 

  23.714 

23.061 

58.890 

4.375 

26,610 

27,589 

1984  

  23.867 

23.323 

59.270 

4,332 

27.265 

115,241 

27.629 

1985  

  23.917 

23.495 

59.634 

4.367 

27.797 

117,167 

27.844 

1986  

  23.993 

23.851 

60.200 

4.386 

27.984 

119.540 

28.024 

1987  

  24.073 

24,030 

60,840 

4.421 

28.211 

121.602 

28,216 

Scientists  and  engineers  engai 

ged  in  R&D  per  10,000  labor  force 

1965   

  21.0 

NA 

24.6 

NA 

19.6 

64.7 

22.6 

1966  

  29.2 

NA 

26.4 

NA 

NA 

66.9 

22.3 

1967  

  25.3 

NA 

27.8 

NA 

NA 

67.2 

24.4 

1968  

  26.2 

NA 

31.1 

NA 

20.8 

67.9 

26.9 

1  QRQ 

  27.1 

12.2 

30.8 

NA 

NA 

66.6 

28.2 

1970  

  27.3 

13.2 

33.4 

NA 

NA 

64.1 

30.8 

1971  

  27.9 

14.8 

37.5 

22.9 

NA 

60.6 

33.4 

1972   

  28.2 

15.7 

38.1 

NA 

30.4 

58.0 

35.6 

1973  

  28.5 

16.0 

42.5 

23.2 

NA 

56.4 

37.1 

  28.8 

16.3 

44.9 

NA 

NA 

55.6 

37.8 

1975  

  29.2 

17.9 

47.9 

32.0 

31.1 

55.3 

38.6 

1976   

  29.6 

17.6 

48.4 

NA 

NA 

54.7 

39.2 

1977  

  29.7 

18.2 

49.9 

33.8 

NA 

55.7 

41.8 

1978  

  30.7 

18.6 

49.4 

NA 

33.3 

5o.5 

42.7* 

1979  

  31.4 

20.8 

50.4 

34.6 

NA 

57.7 

43.4 

  32.1 

20.8 

53.6 

NA 

NA 

60.0 

44.3* 

1981  

  36.3 

22.9 

55.6 

35.2 

35.8 

61.9 

45.5 

1982  

  37.9 

24.9 

57.1 

NA 

NA 

63.6 

46.4* 

1983   

  39.1 

27.3 

58.1 

39.0 

35.4 

66.4 

47.4 

1984  

  41.1 

26.6 

62.4 

NA 

35.5* 

69.2 

49.6* 

(continued) 
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Appendix  table  3-19. 

Total  labor  force  and  scientists  and  engineerr  engaged  In  R&D  per  10,000  labor  force,  for  selected  countries: 
1965-87 

(page  2  of  2) 


France 

Italy 

Japan 

Sweden 

United 
Kingdom 

United 
States 

Germany 

1985  

  42.8 

27.1 

63.9 

44.9 

35.5 

72.5 

51,6 

1986  

  43.8  * 

28.4 

67.4 

NA 

35.5 

75.0 

52.3  * 

1987  

  44.9  * 

29.4 

68.8 

50.2 

35.9 

75.9 

53.7  * 

*  =  National  Science  Foundation  estimates;  NA  =  not  available 

NOTES:  Table  includes  alt  scientists  and  engineers  engaged  in  R&D  on  a  fulMlme  basis  with  the  following  exceptions.  Japanese  data  include  persons 
prinfiarily  enfiployed  in  R&D  in  the  natural  sciences  and  engineering,  and  the  United  Kingdom  data  include  only  government  and  industry  sectors.  The 
figures  for  West  Germany  Increased  in  1979  because  of  increased  coverage  of  small  and  medium  enterprises  not  surveyed  in  1977;  data  starting  with 
1979  were  revised  in  1988  using  improved  methodologies.  The  figures  for  France  increased  in  1981  in  part  because  of  a  re*evaluatlon  of  university 
research  methods. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  International  Science  and  Technology  Data  Update:  1991,  NSF  91-309 
(Washington,  DC:  NSF.  1991). 

See  figure  3*19.  Science  Si  Engineering  Indicators  -1991 


Appendix  table  3-20. 

Scientists  and  engineers  engaged  in  R&D,  by  country:  1965-88 


United 

United 

West 

France 

Italy 

Japan 

Sweden 

Kingdom  Stales 

Germany 

Thousands  — 

1965  

42.8 

NA 

117.6 

NA 

49.9 

494.6 

61.0 

1966  

60.0 

NA 

128.9 

NA 

NA 

521.1 

60.0 

1967  

52.4 

NA 

138.7 

NA 

NA 

534.4 

64.5 

1968  

54.7 

NA 

157.6 

NA 

52.8 

549.9 

68.0 

1969  

57.2 

25.4 

157.1 

NA 

NA 

552.7 

74.9 

1970  

58.5 

27.6 

172.0 

NA 

NA 

543.8 

82.5 

1971  

60.1 

30.9 

194.3 

9.1 

NA 

523.5 

90.2 

1972  

61.2 

32.6 

198.1 

NA 

76.7 

515.0 

96.0 

1973  

62.7 

33.3 

226.6 

9.2 

NA 

514.6 

101.0 

1974  

64.1 

34.3 

238.2 

NA 

NA 

520.6 

102.5 

1975  

65.3 

37.9 

255.2 

13.2 

80.5 

527.4 

103.7 

1976  

67.0 

37.9 

260.2 

NA 

NA 

535.2 

104.5 

1977  

68.0 

39.7 

272.0 

14.1 

NA 

560.6 

111.0 

1978  

70.9 

40.8 

273.1 

NA 

87.7 

586.6 

113.9 

1979  

72,9 

46,4 

281.9 

14.8 

NA 

614.5 

116.9 

1980  

74.9 

47.0 

302.6 

NA 

NA 

651.2 

120.7 

1981  

85.5 

52.1 

317.5 

15.2 

95.7 

683.3 

124.7 

1982  

90.1 

56.7 

329.7 

NA 

NA 

711.9 

127.7 

1983  

92.7 

63.0 

342.2 

17.0 

94.1 

751.7 

130.8 

1984  

98.2 

62.0 

370.0 

NA 

96.3 

797.8 

137.1 

1985  

102.3 

63.8 

381.3 

19.6 

98.0 

849.2 

147.6 

1986  

105.0 

67.8 

405.6 

NA 

101.7 

896.5 

156.0 

1987  

109.4 

70.6 

418.3 

22.2 

101.4 

923.3 

165.6 

1988  

NA 

NA 

441.9 

NA 

NA 

949.2 

NA 

NA  =  not  available 

NOTES:  Table  includes  ail  scientists  and  engineers  engaged  in  R&D  on  a  full-time  basis  with  the  following 
exceptions.  Japanese  data  include  persons  primarily  employed  in  R&D  in  the  natural  sciences  and 
engineering,  and  the  United  Kingdom  data  include  only  government  and  industry  sectors.  The  figures  for 
West  Germany  increased  in  1979  because  of  increased  coverage  of  small  and  medium  enterprises  not 
surveyed  in  1977:  data  starting  with  1979  were  revised  in  1988  using  improved  methodologies.  The 
figures  for  France  Increased  In  1981  in  part  because  of  a  re-evaluation  of  university  research  efforts. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  International  Science  and 
Technology  Data  Update:  1991,  NSF  91-309  (Washington.  DC:  NSF.  1991). 

See  figure  3-19.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-21. 

Scientists  and  engineers  in  manufacturing,  by  occupation  group  for 
selected  countries:  most  current  years 


Occupation 


United     United  West 
France     Japan  Kingdom'  States  Germany^ 
(1987)     (1985)     (1981)     (1988)  (1985) 


Total  scientists  and  engineers   100.0 

Scientists   24.4 

Natural   8.0 

Computer   14.6 

Social   1.9 

Engineers   75.4 

Civil   5.4 

Eloclrical/eleclronic   25.5 

Industrial/mechanical   44.7 


Percent 
100.0  100.0 


25.7 
4.4 

21.2 
0.1 

74.3 
32.1 
15.4 
26.8 


27.0 
12.3 
14.1 
0.6 

73.0 
1.3 
12.6 
59.0 


100.0 

20.5 
10.0 
10.4 
0.1 

79.5 
0.8 
25.0 
53.7 


100.0 

18,4 
10.9 
NA 
7.4 

81.6 
25.9 
13.0 
42.8 


NA  =:  not  separately  available 

NOTES:  Figures  refer  to  scientists  and  engineers  employed  in  science  and  engineering  jobs.  Details  may 
not  sum  to  totals  because  of  rounding.  Figures  for  France,  Japan,  the  United  Kingdom,  and  West 
Germany  are  estimates  prepared  by  the  U.S.  Bureau  of  the  Census  based  on  published  and  unpublished 
census  and  survey  data  for  the  years  shown. 
'Data  excli  ie  Northem  Ireland. 

'Systems  ai^alysts  are  included  with  natural  scientists:  computer  engineers  are  included  with  elec- 
trical/8lectro>  'c  engineers. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  International  Science  and 
Technology  Data  Update:  1991,  NSF  91-309  (Washington,  DC:  NSF.  1991), 

Science  &  Engineering  Indicators  -1991 


Appendix  table  3-22. 

Nonacademic  scientists  and  engineers,  by  age  group  in  selected  countries: 
most  current  years 


United 

United 

West 

France 

Japan 

Kingdom' 

States' 

Germany 

Age  group 

(1987) 

(1985) 

(1981) 

(1986) 

(1985) 

Percent 

Total  

  100.0 

100.0 

100.0 

100.0 

100.0 

Under  35  

  28.2 

48.5 

38.9 

32.9 

30.3 

35-54   

  61.7 

44.9 

32.1 

49.0 

56.0 

Over  55  

  10.1 

6.7 

29.0 

18.1 

13.6 

NOTES:  Figures  refer  to  scientists  and  engineers  employed  in  science  and  engineering  jobs.  Details  may 
not  sum  to  totals  because  of  rounding.  Figures  for  France,  Japan,  the  United  Kingdom,  and  West 
Germany  are  estimates  prepared  by  the  U.S.  Bureau  of  the  Census  based  on  published  and  unpublished 
census  and  survey  data  for  the  years  shown. 
'Data  exclude  Northern  Ireland, 

'Data  are  for  academic  and  nonacademic  scientists  and  engineers  and  exclude  those  respondents  for 
whom  no  age  was  reported. 

SOURCE:  Science?  Resources  Studies  Division.  National  Science  Foundation,  International  Science  and 
Technology  Data  Update:  1991,  NSF  91-309  (Washington,  DC:  NSF.  1991), 

Soe  figure  3-20.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-23. 

First  university  degrees,  by  field  of  study  for  selected  countries:  most  current  years 


United      United  West 
France'         Italy         Japan        Sweden      Kingdom     States  Germany 


Academic  field  (1 987)  (1 987)  ( 1 988)  (1 987)  (1 988)  (1 988)  (1988) 

Number  of  degrees 

All  fields   55.705  75,810  382.828  30,75P  70,306  1,006.033  74,458 

Natural  science  and  engineering   26,606  23,423  102,911  3,796  25,990  196,934  26.081 

Natural  sciences   12,030  10,112  13,388  1,033  15,858  108,784  13,393 

Engineering   14,576  10,295  76.362  2,236  8.839  70,406  10,444 

Agriculture   NA  3,016  13,161  527  1,293  14,331  2,244 

All  others   29,099  52,387  279.917  26,965  44,316  809,099  48,377 

Percentage  distribution  annong  fields 

All  fields   100.0  100.00  100.0  100.00  100.0  100.0  100.0 

Natural  science  and  engineering   47.8  30.9  26.9  12.3  37.0  19.6  35.0 

Natural  sciences   21.6  13.3  3.5  3.4  22.6  10.8  18.0 

Engineering   26.2  13.6  19.9  7.3  12.6  7.0  14.0 

Agriculture   NA  4.0  3.4  1.7  1.8  1.4  3.0 

All  others   52.2  69.1  73.1  87.7  63.0  80.4  65.0 

NA  :=  not  separately  available 


NOTE:  The  natural  sciences  include  physical  and  earth  sciences,  biological  sciences,  mathematics,  and  computer  sciences.  For  France  only,  agriculture 
is  includv.i  under  the  natural  sciences. 

'Data  are  based  on  maithse  degrees  and  engineering  degrees.  French  engineering  degrees  are  equivalent  to  U.S.  masters  degrees. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  International  Science  and  Technology  Data  Update:  1991,  NSF  91-309 
(Washington.  DC:  NSF.  1991). 

See  figure  0-14  in  Overview.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  3-24. 

Doctorates  granted,  by  field  of  study  for  selected  countries:  most  current  years 


United 

United 

West 

France' 

Italy 

Japan^ 

Sweden 

Kingdom^ 

States 

Germany 

Academic  field 

(1987) 

(1987) 

(1988) 

(1987) 

(1988) 

(1988) 

(1988) 

Number  of  degrees 

All  fields  

7,965 

2,145 

9,156 

956 

7,588 

33,456 

17,321 

Natural  science  and  engineering. .  . 

4.721 

939 

3,099 

384 

2.868 

14.620 

6,106 

4,439 

518 

837 

191 

1,312 

9.415 

4.275 

Engineering  

282 

332 

1,547 

143 

1,312 

4,190 

1,381 

NA 

89 

715 

50 

244 

1,015 

450 

3,244 

1,206 

6,057 

572 

4,720 

18,836 

11,215 

Percentage  distribution  among  fields 

All  fields.  

100.0 

100.0 

100.0 

100 

100.0 

100.0 

100.0 

Natural  science  and  engineering  

59.3 

43.8 

33.8 

40.2 

37.8 

43.7 

35.3 

Natural  sciences  

5j.7 

24.1 

9.1 

20.0 

17.3 

28,1 

24J 

Engineering  

3.5 

15.5 

16.9 

15.0 

17.3 

12.5 

8.0 

Agriculture  

NA 

4.1 

7.8 

5.2 

3.2 

3.0 

2.6 

40.7 

56.2 

66.2 

59.8 

62.2 

56.3 

64.7 

NA  -  not  separately  available 

NOTE:  The  natural  sciences  include  physical  and  earlh  sciences,  biological  sciences,  mathematics,  and  computer  sciences.  For  France  only,  agriculture 
Is  included  under  the  natural  sciences. 

'Data  include  the  3'eme  Cycle  and  Docleur  Ingenieur  degrees,  which  are  somewhat  less  than  a  Ph.D.,  and  the  Docteur  d'etat,  which  is  more  than  a  Ph.D. 
France  plans  to  grant  a  Ph.D. -level  doctorate  in  the  future. 

'Ninety-four  percent  of  "all  olher^  Japanese  doctorates  are  in  health-related  fields.  Computer  science  is  not  a  separate  degree  and  is  normally  included  in 
engineering. 

'Data  include  Ph.D.-level  and  higher  doctorates. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation.  International  Science  and  Technology  Data  Update:  1991,  NSF  91-309 
(Washington.  DC:  NSF,  1991). 
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Appendix  table  4-1. 

GNP  and  GNP  implicit  price  deflators:  1960-92 


GNP  implicit  price  deflators    GNP 

Calendar  year        Fiscal  year         Calendar  year      Fiscal  year 

Billions  of  dollars 


0.31 1 1 

515.3 

507.8 

0.3144 

533.8 

519.0 

1962   

  0.3194 

0.3200 

574.7 

556.7 

  0,3240 

0.325fj 

606.9 

588.6 

1964   

....  0.3293 

0.3305 

649.8 

629.4 

0.3375 

705.1 

673.6 

1966   

  0.3496 

0.3474 

772.0 

740.5 

1967   

  0.3594 

0.3593 

816.4 

793.6 

1968   

0.3719 

892.7 

852,4 

1969   

  0.3978 

0.3920 

964,0 

929.5 

1970   

  0.4203 

0.4148 

1,015.5 

990.5 

1971  

  0.4438 

0.4366 

1,102,7 

1.057.1 

0.4606 

1,212.8 

1,151.2 

1973   

  0.4954 

0.4835 

1,359.3 

1,285,5 

1974   

  0.5396 

0.5216 

1,472.8 

1.417.0 

0.5752 

1,598.4 

1,523.5 

1976   

  0.6307 

0.6208 

1,782.8 

1,699.6 

1977   

  0.6728 

0.6703 

1 ,990,5 

1.935.8 

1978   

  0.7222 

0.7172 

2,249.7 

2,173.4 

1979   

0.7857 

0.7790 

2,508.2 

2,452.2 

1980   

  0.8572 

0.8474 

2,732.0 

2,667.7 

1981  

  0.9396 

0.9321 

3,052.6 

2,986.2 

1982 

1  0000 

1.0000 

3,166.0 

3,141.5 

1983   

1.0386 

1.0423 

3,405.7 

3,322.4 

1984   

1.0773 

1.0819 

3,772.2 

3.695.7 

1985   

1.1095 

1.1153 

4,014.9 

3,950.9 

1986   

,     ,  1.1382 

1.1451 

4.231.6 

4.184.3 

1987   

1.1743 

1.1803 

4,515.6 

4.428.1 

1988   

1.2133 

1.2162 

4,873.7 

4,783.2 

1989   

1.2631 

1 .2674 

5.200,8 

5.130.9 

1990   

1.3161 

1.3182 

5,465.1 

5,405.6 

1991  

1.3741 

1.3766 

5,689.4 

5,615.8 

1992   

  1.4283 

1.4329 

6.094.9 

5.985.5 

NOTES:  Calendar  year  deflators  were  taken  directly  from  sources  cited  below.  Fiscal  year  deflators  were 
calculated  from  quarterly  data  in  the  same  sources.  Data  are  as  of  February  4, 1991 . 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation,  unpublished  tabulations: 
Bureau  of  Economic  Analysis.  Survey  of  Current  Business  (Washington.  DC:  Department  of  Corrnerce, 
monthly  series):  and  Office  of  Management  and  Budget,  unpublished  tabulations. 
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Appendix  table  4-2. 

U-S.  R&D  expenditures,  by  performing  sector  and  source  of  funds:  1960-91 

(page  1  of  2) 


[Performing 
sector) 

[Source 
of  funds] 


Total 

U.S. 


Federal 
Gov't 

Federal 
Gov't' 


Industry 


Total 


Federal 

Gov't'  Industry 


Universities  and  colleges  (U&C) 


Total 


Federal  Non-Fed.     U&C  Non- 

Gov't'     Industry    gov't       own  profits 


U&C 
FFRDCs 

Federal 
Gov't'' 


Total 


Millions 

1960    13.520  1723  10.509  6.081  4.428  646 

1961    14.320  1.878  10.908  6.240  4.668  763 

1962    15.392  2.096  11.464  6.435  5.029  904 

1963  .     ...  17.059  2.279  12.630  7,270  5.360  I.OBt 

1964    18.854  2.838  13.512  7.720  5.792  1.275 

1965    20.044  3.093  14.185  7.740  6,445  1.474 

1966*!*   21.846  3.220  15.548  8,332  7.216  1,715 

1967  .    23.146  3.396  16.385  8,365  8,020  1.921 

1968  !   24.605  3.494  17.429  8.560  8.869  2.149 

1969    25.629  3,501  18,308  8.451  9.857  2,225 

ir/o   26.134  4.079  18,067  7.779  10.288  2.335 

,q7\    26.676  4.228  18.320  7.666  10.654  2,500 

1972    28.476  4.589  19.552  8.017  11.535  2.630 

1973  30.718  4.762  21.249  8.145  13,104  2.884 

1974    32.863  4.911  22.887  8.220  14.667  3.022 

1975  35.213  5.354  24.187  8.605  15.582  3.409 

1976  ...  39.018  5.769  26.997  9.561  17,436  3.729 

1977  ...  42.783  6.012  29.825  10.485  19.340  4.067 

1978  48.128  6.810  33.304  11.189  22.115  4.625 
19/9   54.953  7.418  38.226  12.518  25.708  5.380 

1980  62.610  7.632  44.505  14.029  30.476  6,077 

1991    71.868  8.426  51.810  16.382  35.428  6.846 

19B?    80.018  9.141  58.650  18.545  40.105  7.323 

198:?   89,139  10.582  65.268  20.680  44.588  7,877 

1984  101.139  11.572  74.800  23.396  51.404  8.617 

1c)f35  113  818  12.945  84.239  27.196  57.043  9.686 

1986  119.529  13.535  87.823  27.891  59.932  10.926 

1987  ...  1^5.352  13.413  92.155  30.752  61.403  12,153 

1988    133741  14.281  97.889  32.306  65.583  13.465 

1989    140.486  15.121  101,599  31.366  70.233  14.987 

1990(prf^l)   145.450  16.100  104,200  31.200  73.000  16.000 

1991  (est )    .  .  .  151.600  16.400  108.450  32.300  76.150  17.200 


of  current  dollars 

405 

500 

613 

760 

917 
1,073 
1.261 
1.409 
1,572 
1.600 


1,647 
1.724 
1,795 
1.985 
2.032 
2.288 
2.512 
2.726 
3.059 
3,604 

4.104 
4,565 
4.763 
4.983 
5,423 
6.056 
6,702 
7,333 
8.181 
8.972 
9,250 
9.650 


Nonprofit  institutions  

Federal  Non- 
Gov'f     Industry  profits 


40 

85 

64 

52 

360 

282 

166 

48 

68 

40 

95 

70 

58 

410 

361 

226 

49 

86 

40 

106 

79 

66 

470 

458 

295 

54 

109 

41 

118 

89 

73 

530 

539 

365 

55 

119 

40 

132 

103 

83 

629 

600 

433 

55 

112 

41 

143 

124 

93 

629 

663 

477 

62 

124 

42 

156 

148 

108 

630 

733 

525 

70 

138 

48 

164 

181 

119 

673 

771 

552 

74 

145 

55 

172 

218 

132 

719 

814 

582 

81 

151 

60 

197 

223 

145 

725 

870 

616 

93 

161 

61 

219 

243 

165 

737 

916 

649 

95 

172 

70 

255 

274 

177 

716 

912 

630 

98 

184 

74 

269 

305 

187 

753 

952 

653 

101 

198 

84 

295 

318 

202 

817 

1,006 

690 

105 

211 

95 

308 

368 

219 

865 

1,178 

822 

115 

241 

113 

332 

417 

259 

987 

1,276 

875 

125 

276 

123 

364 

446 

285 

1,147 

1.376 

925 

135 

316 

139 

374 

514 

314 

1.384 

1.495 

987 

150 

358 

170 

414 

623 

359 

1717 

1.672 

1.100 

165 

407 

194 

476 

738 

368 

1.935 

1,994 

1,350 

180 

464 

236 

4g<^^ 

837 

403 

2.246 

2.150 

1.450 

200 

500 

291 

546 

1.008 

436 

2,486 

2,300 

1.550 

225 

525 

337 

616 

1.115 

492 

2.479 

2.425 

1.650 

250 

525 

388 

626 

1.303 

577 

2.737 

2.675 

1.850 

275 

550 

475 

690 

1.413 

615 

3,150 

3.000 

2.100 

325 

575 

559 

754 

1.622 

695 

3.523 

3.425 

2.400 

375 

650 

699 

916 

1.873 

735 

3.895 

3.350 

2.250 

425 

675 

789 

1,024 

2.176 

831 

4.206 

3.425 

2,200 

450 

775 

870 

1.107 

2.367 

941 

4.531 

3,575 

2.200 

500 

875 

984 

1.239 

2710 

1.083 

4.729 

4.050 

2.500 

550 

1.000 

1,100 

1.350 

3.100 

1.200 

4,800 

4.350 

2.650 

600 

1.100 

1 .250 

1.500 

3.450 

1.350 

4.850 

4700 

2,800 

650 

1.250 

(continued) 

Appendix  table  4-2. 

,  U.S.  R&D  expenditures,  by  performing  sector  and  source  of  funds:  1960-91 
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[Performing 

Federal 

\JQa\j 

sector] 

Gov  t 

Industry 

Universities  and  colleges  (U&C) 

ccpDPc 
rrnuv»/b 

Nonprofit  institutions 

(Source 

Total 

Federal 

Federal 

Federal 

Non-Fed. 

LJ&C 

Non- 

Federal 

Federal 

Non- 

of funds] 

U.S. 

Gov't 

Total 

Gov't 

Industry 

Total 

Govt 

Industry 

gov't 

nwn 

UWI 1 

profits 

Gov't-" 

Total 

Gov't 

Industry 

profits 

'  ■"       "  ■  

—    "■  ■ 

Millions  of  constant  1 982  dollars* 

H0.0057 

oo  ,>jOO 

1Q  648 

14,307 

<:,U77 

1  Qno 

dio 

206 

167 

1.157 

911 

536 

155 

220 

1  QR1 

4R  777 

R  Q7T 

^4  Q17 

1Q  Q74 

14,942 

1  con 

1  97 

'?n9 
ooc. 

223 

184 

1,304 

1,156 

723 

157 

275 

1  Uf\9 

dfl  171 

B  ^^1 

3*^j  flq? 

?0  147 

1 5.745 

1  QIC 

1  .y  1 D 

1 0f; 

1 

TTl 
OOl 

247 

206 

1,469 

1,434 

924 

169 

341 

1963   

52.583 

6.994 

38.981 

22,438 

16,543 

o  no 
c.,ooc. 

1  oc 

QCO 

273 

224 

1,627 

1,664 

1.127 

170 

367 

1964   

57  203 

8.587 

41.032 

23.444 

17,589 

O  O  CO 

O.ODO 

o  ~t~t^ 
lO 

1  c  1 

jyy 

312 

251 

1,903 

1,822 

1,315 

167 

340 

ic^Du  

RQ  ^Rl 

Q  IRS 

41 .992 

22,913 

19.079 

4.368 

o,  1  /y 

1  O  1 

A^A 

367 

276 

1.864 

1,963 

1,412 

184 

367 

1  QRR 

Q  PRQ 

44.474 

20.641 

4.9o7 

1  CJn 
o,DoU 

1  O  1 

426 

311 

1,813 

2,097 

1,502 

200 

395 

1  0(\7 

4R  RQn 

93  97R 

22,31 5 

o  noo 

1  Qyl 

504 

331 

1,873 

2,145 

1,536 

206 

403 

1  QRR 

RR  dRR 

4R  1Q4 

22,688 

23,506 

5,778 

4,227 

148 

462 

586 

355 

1,933 

2,157 

1.543 

215 

400 

1  QMQ 

DH.DDO 

4fi  npT 

HU  ,u^o 

21 ,244 

24,779 

5,677 

4,082 

153 

503 

569 

370 

1,850 

2,187 

1,549 

234 

405 

1  Q7n 

>y  .ooo 

4P  QRR 

ifl  snft 

24.478 

c  Con 

b.b29 

o,97U 

1  yl7 

586 

398 

2,179 

1.544 

226 

409 

1  Q  71 

Rn 

41  ?fln 

17  274 

24.006 

o,y4y 

4  Cn 

1  bU 

Do4 

628 

405 

1,640 

2,055 

1,420 

221 

415 

IC7'C  

Rl  41P 

Q  QRT 

49  nRR 

17  94R 

24.812 

0,71  U 

o  on"7 
O,oy7 

1  C  1 

Do** 

662 

406 

1.635 

2.048 

1,405 

217 

426 

1973  

62,427 

9.849 

42.893 

16.441 

26,451 

c  ncc 

b.9bo 

>i  -1  nc 

4.1  Ub 

1  "7  A 

CI  n 

blU 

658 

418 

1,690 

2.G31 

1.393 

212 

426 

1974   

61 .466 

9.416 

42.415 

15.234 

27.181 

b,794 

o  one 

1  QO 

KQ1 

oy  1 

706 

420 

1,658 

2.183 

1,523 

213 

447 

1^7  1  D  

4n  7H1 

14  RnQ 

26.272 

5.926 

o,97o 

1  QC 

1  yo 

off 

725 

450 

1.716 

2,151 

1,475 

2'i1 

465 

1  Q7f'. 

\\1  t  u  

R9  1  ^4 

49  flflR 

1 5,1 59 

27,645 

6,007 

4.04b 

1  QQ 

(;qc 
DoO 

718 

459 

1.848 

2,182 

1,467 

214 

501 

1  J  /  /   

RR1 

QRQ 

44  T^n 

1R  Rfl4 

9fl  74R 

f  oc^ 

b,0b7 

4.Ub7 

on7 

767 

468 

2.065 

2,222 

1.467 

223 

532 

1  a/R 

RR  7fifl 

5/  .*t5/«J 

4R  1 1  R 

1  R  4Q3 

3(1  R99 

0\J  f\J^C 

6,449 

4,265 

237 

577 

869 

501 

2,394 

2,315 

1.523 

228 

564 

1  G  70 

7n  1  n4 

f  U.  1  UH 

Q 

4fl  RR9 

1  R  Q39 

39  79n 

6,907 

4,627 

249 

611 

947 

472 

2,484 

2,538 

1.718 

229 

591 

1  nun 

1  JoU   

n  nnc 
y  .UUD 

SI  Q1  Q 

1R  '^RR 

3R  RR3 

vJU .  OOO 

7.171 

4.843 

278 

585 

988 

476 

2.650 

2.508 

1.692 

233 

583 

1  1   

7R  R41 

UD.  1  HU 

17  43S 

37  7ns 

7.345 

4.898 

312 

586 

1,081 

468 

2,667 

2.448 

1.650 

239 

559 

1  Joe.  

on  ni  R 

Q  141 

Rfl  RRn 

oo  ,\JO\J 

18  S4S 

4n  1  ns 

7,323 

4.763 

337 

616 

1.115 

492 

2.479 

2.425 

1.650 

250 

525 

1983   

85.753 

^0.152 

62.842 

19.911 

42.931 

7.557 

4,781 

372 

601 

1,250 

554 

2.626 

2.576 

1.781 

265 

530 

1984   

93.790 

10.696 

69.433 

21.717 

47.716 

7.965 

5,012 

439 

638 

1.306 

568 

2,912 

2.785 

1.949 

302 

534 

'yoD  

1  1  .ouu 

7R 

94  ^^19 

51 ,41 3 

8.684 

5.430 

501 

676 

1,454 

623 

3.  i59 

3.087 

2.163 

338 

586 

198G  

104.866 

11.820 

77.160 

24.504 

52.655 

9,542 

5,853 

610 

800 

1.636 

642 

3.401 

2.943 

1,977 

373 

593 

1987  

10G.616 

1 1 .364 

78.477 

26.188 

52,289 

10.296 

6.213 

668 

868 

1,844 

704 

0.563 

2.917 

1.873 

383 

660 

1988   

110.166 

1 1 .742 

80.680 

26.627 

54.053 

11.072 

6,727 

715 

910 

1.946 

774 

3,726 

2.947 

1.813 

412 

721 

1989   

111.129 

11.931 

80.436 

24.833 

55.604 

1 1 .825 

7.079 

776 

978 

2.138 

854 

3.731 

3,206 

1.979 

435 

792 

1900lprel.). 

110.470 

12.213 

79.173 

23.706 

55.467 

12,137 

7.017 

834 

1,024 

2.352 

910 

3.641 

3.305 

2.014 

456 

836 

Vj91  (ost  ) 

110.277 

11.914 

78,924 

23,506 

55.418 

12.495 

7.010 

908 

1.090 

2,506 

981 

3.523 

3.420 

2.038 

473 

910 

NO  11  S  Data  riri'  ba-^od  on  annual  reportr,  by  pertormers  except  for  tho  nonprofit  sector,  for  which  data  are  estimated.  Expenditures  for  federally  funded  research  and  development  centers,  (FFRDCs)  administered 
by  -ndu^^tfy  and  nonprofit  mstutitions  are  included  in  tho  totals  of  the  respective  sector. 
Total  fund'j  ur.ed  by  Federal  Government  from  Federal  sources. 

y  \  MDC'-  tidfnintstered  by  individual  universities  and  colleges  and  by  university  consortia.  In  1989.  99  percent  of  total  funds  used  were  from  Federal  sources. 
S(M!  appi»n(li<  t.'ibh?  4  1  for  GNP  implicit  price  deflators  used  to  convert  curient  dollars  to  constant  1982  dollars. 

SOUf^crS  SciefKf  Hesources  Studies  Division.  National  Science  Foundation.  m\ona\  Kittems  of  mO  Resources:  1990.  Final  Report,  NSF  90-316  (Wusiimgton.  DC;  NSF.  1990).  and  u.ipublished  tabulations 
O     See  figure  4  1  and  text  14)1*^4  1  and  figure  0  6  in  Overview.  ^<^'^f^<^^  &  Eng:noenng  Indicators  -  1991 
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Appendix  A.  Appendix  Tables 


Appendix  table  4-3. 

National  expenditures  for  total  R&D,  by  source  of  funds  and  performer:  1970-91 


Source  of  funds 


Performer 


Total 


Federal 
Government 


Industry 


Universities 
&  colleges 


Other 
nonprofits 


Federal 
Government 


Universities      U&C  Other 
&  colleges     FFRDCs'  nonprofits 


Millions  of  current  dollars 


1970   26,134 

1971    26.676 

1972   28,476 

1973   30,718 

1974    32,863 

1975   35,213 

1976   39,018 

1977   42,783 

1978   48.128 

1979   54,953 

1980   62,610 

1981    71.868 

1982   80.018 

1983   89,139 

1984   101.139 

1985    113.818 

1985   119.529 

1987   125.352 

1988   133.741 

1989   140.486 


1990(prel.)  . 
1991  (est,).  . 


145.450 
151,600 


1970   62.403 

1971    60,384 

1972   61.412 

1973   62.427 

1974   61,466 

1975   59.882 

1976   62.134 

1977   63,653 

1 978   66,768 

1979   70,104 

1980   73.255 

1981    76,641 

1982    80,018 

1983    85,753 

1984   93.790 

1985   102,462 

1986   104.866 

1987   106.616 

1988    110,166 

1989    111.129 


1990(prel.) 
1991  (est.). 


110.470 
110.277 


14,891 
14.964 
15,807 
16,399 
16.850 
18,109 
19,914 
21.594 
23,875 
26,825 

29.461 
33,409 
36,578 
40,832 
45.641 
52.120 
54,273 
57.904 
61.499 
62.688 

64.000 
66.000 

35.632 
33,965 
34,144 
33,478 
31,727 
30.985 
31.813 
32.152 
33.171 
34,284 

34.557 
35.690 
36.578 
39.251 
42.286 
46,870 
47,555 
49.201 
50.635 
49.553 

48.591 
47.991 


10.444 
10.822 
11.710 
13,293 
14,877 
15.820 
17,694 
19,629 
22,450 
26,082 

30.912 
35,944 
40,692 
45,251 
52.204 
57,977 
61.056 
62.642 
66.953 
71.767 

74,700 
78,050 

24,851 
24,387 
25.190 
26,837 
27.577 
26.679 
28.058 
29.176 
31.087 
33,198 

36.065 
38.257 
40.692 
43,568 
48.456 
52.252 
53.639 
53,341 
55.181 
56.815 

56.757 
56,799 


462 
529 
574 
613 
676 
749 
809 
888 
1,037 
1,214 

1.334 
1.554 
1.731 
1,929 
2.104 
2.376 
2.790 
3.200 
3.473 
3,948 

4.450 
4,950 


337 
361 
385 
413 
460 
535 
601 
672 
766 
832 

903 
961 
1,017 
1.127 
1,190 
1.345 
1,410 
1,606 
1.816 
2,083 

2,300 
2.600 


4.079 
4,228 
4,589 
4,762 
4,911 
5.354 
5,769 
6.012 
6,810 
7,418 

7,632 
8,426 
9,141 
10,582 
1 1 .572 
12,945 
13,535 
13.413 
14.281 
15,121 

16.100 
16,400 


Industry 

18,067 
18,320 
19,552 
21,249 
22,887 
24,187 
26,997 
29,825 
33,304 
38.226 

44,505 
51,810 
58,650 
65.268 
74.800 
84.239 
87,823 
92,155 
97,889 
101.5P9 

104,200 
108.450 


Millions  of  constant  1 982  dollars^ 


1,114 
1,212 
1,246 
1,268 
1,296 
1.302 
1,303 
1,325 
1.446 
1.558 

1.574 
1.667 
1,731 
1.851 
1.945 
2.130 
2.436 
2.711 
2.856 
3.115 

3.376 
3.596 


807 
820 
832 
844 

867 

916 
960 
1,001 
1.064 
1.063 

1.059 
1.027 
1,017 
1.083 
1.102 
1,209 
1,235 
1 .364 
1.495 
1,646 

1.746 
1.890 


9.833 
9.684 
9,963 
9,849 
9,416 
9.308 
9.293 
8,969 
9.495 
9,523 

9.006 
9,040 
9.141 
10.152 
10,696 
1 1 ,606 
11.820 
1 1 ,364 
1 1 .742 
11.931 

12.213 
11.914 


42.986 
41,280 
42.056 
42,893 
42.415 
40.781 
42,805 
44,330 
46.115 
48,652 

51.919 
55.140 
58.650 
62,842 
69.433 
75,925 
77.160 
78.477 
80.680 
80.436 

79.173 
78.924 


2.335 
2.500 
2.630 
2,884 
3.022 
3.409 
3.729 
4,067 
4,625 
5,380 

6.077 
6,846 
7,323 
7,877 
8,617 
9,686 
10,926 
12,153 
13,465 
14.987 

16.000 
17,200 


5.629 
5,726 
5.710 
5,965 
5,794 
5.926 
6.007 
6.067 
6,449 
6.907 

7.171 
7,345 
7.323 
7.557 
7,965 
8,684 
9,542 
10.296 
1 1 .072 
11.825 

12.137 
12.495 


737 
716 
753 
817 
865 
987 
1,147 
1,384 
1.717 
1.935 

2,246 
2.486 
2,479 
2.737 
3.150 
3,523 
3,895 
4,206 
4,531 
4,729 

4,800 
4,850 

1.777 
1,640 
1.635 
1,690 
1.658 
1,716 
1.848 
2,065 
2.394 
2,484 

2.650 
2.667 
2.479 
2.626 
2.912 
3.159 
3.401 
3.563 
3,726 
3,731 

3.641 
3.523 


916 
912 
952 
1,006 
1,178 
1,276 
1,376 
1,495 
1,672 
1,994 

2.150 
2.300 
2.425 
2.675 
3.000 
3.425 
3.350 
3,425 
3,575 
4,050 

4,350 
4.700 


2.179 
2,055 
2.048 
2.031 
2,183 
2.151 
2,182 
2,222 
2,315 
2.538 

2,508 
2,448 
2.425 
2.576 
2.785 
3,087 
2,943 
2,917 
2.947 
3,206 

3.305 
3,420 


NOTES'  Data  are  based  on  annual  reports  by  performers  except  for  the  nonprofit  sector,  for  which  data  are  estimated.  Expenditures  for  federally  funded  research  and 
development  centers  (FFRDCs)  administered  by  industry  and  nonprofit  institutions  are  included  in  the  totals  of  the  respective  sector. 

Includes  state  and  local  government  funds  to  the  university  and  college  sector. 
•FFRDCs  administered  by  Individual  universities  and  colleges  (U&C)  and  by  university  consortia. 

Seeappend'v  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  National  Patterns  of  R&D  Resources:  1990.  Final  Report.  NSF  90-316  (Washington. 
DC:  NSF.  1990);  and  unpublished  tabulations. 
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Appendix  table  4-4. 

National  expenditures  for  basic  research,  by  source  of  funds  and  performer:  1970-91 


Source  of  funds  Performer 

Federal  Universities     Other       Federal  Universities        U&C  Other 

Total      Government     Industry'   &  colleges'    nonprofits  Government    Industry   &  colleges      FFRDCs'  nonprofits 


Millions  of  current  dollars  — 


1970   

.  3,531 

2.471 

528 

350 

182 

559 

602 

1.796 

269 

305 

1971  

3,652 

2,509 

547 

400 

196 

566 

590 

1.914 

260 

322 

1972   

3.801 

2,605 

563 

415 

218 

597 

593 

2.022 

244 

345 

1973   

3,945 

2.708 

605 

408 

224 

608 

631 

2.053 

296 

357 

1974   

4.343 

3,017 

650 

431 

245 

696 

699 

2.153 

390 

405 

1975   

4.738 

3.269 

705 

478 

286 

734 

730 

2.410 

439 

425 

1976   

5.130 

3,589 

769 

475 

297 

786 

819 

2.549 

512 

464 

1977   

5,735 

4,021 

850 

527 

337 

914 

911 

2.800 

600 

510 

1978   

6,692 

4,745 

964 

605 

378 

1.029 

1,035 

3,176 

867 

585 

1979   

7,570 

5,350 

1,092 

716 

412 

1,089 

4    4  CO 

1 ,158 

3,628 

4  r\4  c 

1 .015 

680 

1980   

8,432 

5,909 

1,271 

796 

456 

1,182 

1.325 

4,041 

1,124 

760 

1981  

9,598 

6,617 

1,589 

911 

481 

1.302 

1.614 

4.596 

1.261 

825 

1982   

10,433 

7.098 

1,833 

1,002 

500 

1.465 

1.904 

4.882 

1.317 

865 

1983   

11.634 

7,769 

2,121 

1,173 

571 

1.690 

2,223 

5,304 

1,472 

945 

1984   

12,909 

8.489 

2.566 

1.257 

597 

1,861 

2,608 

5,735 

1,675 

1,030 

1985   

14.198 

9.174 

2.885 

1.454 

685 

1,923 

2.862 

6,559 

1.749 

1.105 

1986   

16.590 

9.991 

4.132 

1,739 

728 

2.019 

4,047 

7,495 

1.859 

1.170 

1987   

.  17,999 

10,867 

4.289 

2,011 

832 

2.046 

4,323 

8.398 

2,012 

1.220 

1988   

18,673 

1 1 ,542 

4.110 

2.101 

920 

2.050 

4.244 

8,827 

2.222 

1.330 

1989   

19,885 

12.772 

3,737 

2.335 

1.041 

2,371 

4.000 

9,685 

2,329 

1.500 

1990  (prel.)  .  . 

.  21,920 

13.650 

4,530 

2.600 

1,140 

2.600 

4.750 

10,350 

2.500 

1.720 

1991  (est ) 

23,500 

14,450 

4,875 

2.900 

1,275 

2.800 

5.050 

11.100 

2,600 

1,950 

Millions  of  constant  1 982  dollars' 

1970   

8.483 

5.946 

1,257 

844 

436 

1,347 

1.432 

4,329 

648 

726 

1971  

8,331 

5,734 

1,234 

916 

446 

1,296 

1,329 

4,384 

595 

726 

1972   

8,233 

5,649 

1,212 

901 

472 

1,296 

1,276 

4.390 

530 

742 

1973   

8,110 

5,583 

1.224 

844 

459 

1.258 

1.274 

4.246 

612 

721 

1974   

8.256 

5.758 

1,208 

826 

463 

1.334 

1.295 

4.128 

748 

751 

1975   

8.176 

5.662 

1.192 

831 

491 

1,276 

1.231 

4.190 

763 

717 

1976   

8.231 

5,770 

1,221 

765 

475 

1,266 

1.299 

4.106 

825 

736 

1977   

8.548 

5.996 

1.264 

786 

502 

1.364 

1.354 

4.177 

895 

758 

1978   

9,315 

6,610 

1,336 

844 

525 

1,435 

1.433 

4.428 

1.209 

810 

1979   

9,698 

6.861 

1,391 

919 

527 

1.398 

1.474 

4,657 

1,303 

865 

1980   

9.922 

6,963 

1.485 

939 

535 

1,395 

1.546 

4.769 

1,326 

887 

10.277 

7.092 

1,693 

977 

514 

1.397 

1.718 

4.931 

1.353 

878 

1982   

.  10.433 

7,098 

1.833 

1.002 

500 

1.465 

1.904 

4.882 

1.317 

865 

1983   

11,172 

7,457 

2.041 

1.125 

549 

1.621 

2.140 

5.089 

1,412 

910 

1984   

11,946 

7.851 

2,381 

1,162 

553 

1.720 

2.421 

5.301 

1,548 

956 

1985   

12.749 

3.231 

2,599 

1,304 

615 

1.724 

2.580 

5.881 

1.568 

996 

1986   

14.515 

8.732 

3,628 

1.519 

637 

1.763 

3.556 

6,545 

1,623 

1,028 

1987   

15.273 

9,213 

3,650 

1,704 

706 

1.733 

3.681 

7.115 

1.705 

1.039 

1988   

.  15.365 

9.494 

3,386 

1.728 

757 

1.686 

3.498 

7.258 

1.827 

1.096 

1989   

15.704 

10.082 

2.957 

1,842 

822 

1.871 

3.167 

7.642 

1.838 

1,188 

1990  (prel.)  .  . 

.  16,636 

10.357 

3.441 

1,972 

865 

1,972 

3,609 

7.851 

1.896 

1.307 

1991  (est.)  .  .  . 

.  17,081 

10.500 

3.547 

2.107 

927 

2.034 

3,675 

8.064 

1.889 

1.419 

NOTES:  Data  are  based  on  annual  reports  by  performers  except  for  the  nonprofit  sector,  for  which  data  are  estimated.  Expenditures  lor  federally  funded  research  and 
development  centers  (FFRDCs)  administered  by  industry  and  nonprofit  institutions  are  included  in  the  totals  of  the  respective  sector. 

'Imputation  procedure  for  industry  funding  of  industry  basic  research  changed  for  1986  and  later  years.  These  data  may  not  be  comparable  to  data  for  1985  and 
earlier  years. 

Includes  state  and  local  government  funds  to  the  university  and  college  sector. 

TFRDCs  administered  by  individual  universities  and  colleges  (U&C)  and  by  university  consortia. 

*See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  National  Pattems  of  R&D  Resources:  1990.  Final  Report,  NSF90-316  iWashington. 
DC:  NSF.  1990);  and  unpublished  tabulations. 

See  figures  4-2  and  4-3  and  figure  0-4  in  Overview.  Sc/ence  &  Engineering  Indicators  -  1991 
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Appendix  A.  Appendix  Tables 


Appendix  table  4-5. 

National  expenditures  for  applied  research,  by  source  of  funds  and  performer:  1970-91 


Source  of  funds 

Performer 

Federal 

Universities 

Other 

Federal 

Universities 

U&C 

Other 

Total 

Government 

Industry' 

&  colleges 

nonprofits  Government 

Industry 

&  colleges 

FFRDCs' 

nonprofits 

Millions  of  current  dollars 

1970  

,  5,738 

3,097 

2.427 

99 

115 

1,345 

3,427 

427 

216 

323 

1971  

5,759 

3.028 

2.494 

115 

122 

1.322 

3.415 

474 

210 

338 

1972  

6.011 

3.131 

2,615 

140 

125 

1,387 

3,514 

524 

221 

365 

1  Q71 

2,891 

172 

140 

1.480 

3,825 

713 

227 

353 

1974  

7,189 

3,495 

3,332 

203 

159 

1,574 

4.288 

736 

178 

413 

1975  

7,812 

3.889 

3,517 

224 

182 

1.730 

4.570 

851 

213 

448 

1976  

8,983 

4.471 

4,003 

282 

227 

2.093 

5,112 

1.016 

264 

498 

1977  

9.651 

4,692 

4.410 

303 

246 

2,044 

5.636 

1.067 

371 

533 

1973  

10.725 

5.110 

4.981 

354 

280 

2.191 

6.300 

1.213 

431 

590 

1979  

12,272 

5.768 

5,796 

413 

295 

2,392 

7.225 

1.477 

468 

710 

1980  

13,860 

6.408 

6,693 

445 

314 

2.484 

8.450 

1.698 

503 

725 

1981  

16.605 

7.198 

8.534 

534 

339 

2.732 

10,699 

1.865 

529 

780 

1982  

,  18,510 

7.973 

9.566 

608 

363 

2.729 

12.323 

2.037 

606 

815 

on  f\QA 

k7,  1  O  1 

10,506 

621 

386 

3.020 

13.927 

2.146 

726 

875 

1984  

22,851 

9,927 

11.809 

700 

415 

2.903 

15,765 

2,459 

804 

920 

1985  

25.831 

1 1 ,408 

13,216 

756 

451 

3.133 

18,255 

2,673 

835 

935 

1986  

27.566 

10.808 

1 5,436 

856 

466 

3,141 

19,760 

2,911 

774 

980 

no  Aoc 

1 1 ,0o9 

15.541 

965 

531 

3,392 

19,813 

0, 1  oo 

1  ,uou 

1988  

29,875 

1 1 ,470 

16,651 

1,129 

625 

3.288 

20.757 

RQ7 
oy  / 

1  ,  1  f  u 

1989  

33,300 

12.453 

18,784 

1,337 

726 

3.611 

23.086 

'f,00  1 

799 

1  inn 

1 990  (prel.) .  . 

33.895 

12,675 

18,870 

1,530 

820 

3.800 

23,050 

1  4Rn 

1991  (esl.)  .  . 

35,390 

13.100 

19.655 

1.700 

935 

4.100 

23,900 

7nn 

1  470 

  Mil 

lions  of  constant  1 982  dollars' 

-   

1970  

13.714 

7,426 

5,775 

239 

275 

3.242 

8,154 

1.029 

521 

768 

1971  

13,051 

6,891 

5.620 

263 

277 

3.028 

7.695 

1.086 

481 

762 

1972  

12.972 

6.773 

5.625 

304 

270 

3.011 

7,559 

1,138 

480 

785 

5.837 

356 

285 

3,061 

7,721 

1.475 

469 

713 

1974.  .  . 

13.482 

6.617 

6.177 

389 

299 

3,018 

7,947 

1.411 

341 

765 

1975  

13.318 

6.686 

5,932 

389 

311 

3.007 

7.705 

1.479 

370 

755 

1976  

14,328 

7.163 

6,348 

454 

363 

3.371 

8,105 

1,637 

425 

790 

1977  

14.364 

6,991 

6.555 

452 

366 

3.049 

8,377 

1,592 

553 

792 

1978  

14888 

7,107 

6,898 

494 

389 

3,055 

8.723 

1,691 

601 

817 

1979  

15.667 

7.382 

7.378 

530 

377 

3,071 

9,196 

1,896 

601 

904 

1980  

16.232 

7,530 

7.809 

525 

368 

2.931 

9.858 

2,004 

594 

846 

1981  

17,717 

7,693 

9.083 

573 

361 

2.931 

11.387 

2,001 

568 

830 

1982  

18,510 

7,973 

9,566 

608 

363 

2.729 

12.323 

2.037 

606 

815 

1 Q  Q^^^ 

Q  QOI 

10.115 

596 

371 

2.897 

13,409 

2,059 

697 

842 

1984  

21.187 

9.194 

10.961 

647 

384 

2.683 

14.634 

2.273 

743 

854 

1985  

23,250 

10.256 

11.911 

678 

405 

2.809 

16,453 

2,397 

749 

843 

9.4bb 

13.561 

748 

408 

2.743 

17,361 

R7R 

OU  1 

1987  

23,894 

9.392 

13.233 

818 

451 

2.874 

16.872 

2.684 

587 

877 

1988  

24.607 

9,441 

13,723 

928 

515 

2,704 

17,108 

3.283 

573 

940 

1989  

26.340 

9.841 

14,870 

1,055 

574 

2,849 

18.277 

3,614 

57C 

1,029 

1990  (prel), 

25.742 

9.622 

14.337 

1.161 

623 

2,883 

17.514 

3.675 

569 

1.102 

1991  (esl.)  .  . 

.  .  25.742 

9.524 

14.303 

1,235 

680 

2,978 

17.393 

3.792 

509 

1.070 

NOTES:  Data  are  based  on  annual  reports  by  performers  except  for  the  nonprofit  sector,  for  which  data  are  estimated  Since  1978  the  applied  research  development 
split  for  the  academic  sector  has  boen  estimated,  Expenditures  for  federally  funded  research  and  developmen  centers  (FFRDCs)  administered  by  industry  and 
nonprofit  institutions  are  included  in  the  totals  of  the  respective  sector. 

Imputation  procedure  for  industry  funding  of  industry  applied  research  changed  for  1986  and  later  years.  These  data  may  not  be  comparable  to  data  lor  1985  and 
earlier  years. 

'Includes  stale  and  local  government  funds  to  the  university  and  college  sector 
FFRDCs  administered  by  individual  universities  and  colleges  (U&C)  and  by  university  consortia. 
*See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  t.  Co  ^stant  1982  dollars. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  Nationa.  Patterns  ofMD  Resources  1990.  Final  F^ri^ort.  NSF  90-316  (Washington. 
DC:  NSF.  1990):  and  unpublished  tabulations. 

See  figures  4-2  and  4-3  and  figure  0-4  in  Overview.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  4-6. 

National  expenditures  for  development,  by  source  of  funds  and  performer:  1970-91 

Source  of  funds  Performer 

Federal                    Universities      Other       Federal                  Universities  U&C  Other 
Total     Government    Industry*     &  colleges"     nonprofits  Government  Industry      &  colleges     FFRDCs'  nonprofits 

 Millions  of  current  dollars 

1970                  16.865         9,323          7,489             13             40          2.175  14.038  112  252  288 

1971                   17.265         9.427          7,781             14             43          2.340  14,315  112  246  252 

1972                  18.664        10.071          8.532             19             42          2.605  15.445  84  288  242 

1973                  20.175        10.296          9.797             33             49          2,674  16.793  118  294  296 

1974                  21.331        10.338         10,895             42             56          2.641  17,900  133  297  360 

1975                  22,663        10,951         11,598             47             67          2.890  18,887  148  335  403 

1976                  24,905        11,854        12,922             52             77          2,890  21,066  164  371  414 

1977                  27,397        12,881         14,369             58             89          3,054  23.278  200  413  452 

1978                  30.711        14.020         16.505             78            108          3,590  25.969  236  419  497 

1979                   35.111        15,707         19,194             85            125          3,937  29,843  275  452  604 

1980                  40.318        17,144        22,948             93            133          3.966  3^  "30  338  619  665 

1981                   45.665        19,594        25,821            109            141           4.392  39,497  385  696  695 

1982                   51.075        21.507        29,293            121             154          4,947  44,423  404  556  745 

1983                  56,811        23,882        32,624           135            170          5,872  49,118  427  539  855 

1984                  65.379        27,225        37,829           147            178          6,808  56,427  423  671  1,050 

1985                  73,789       31,538        41,876           166            209          7,889  63,122  454  939  1,385 

1986                  75.373        33,474        41,488           195            216          8.375  64.016  520  1.262  1.200 

1987                   79.257        35,978        42.812           224            243          7,975  68,019  58/  1.501  1.175 

1988                  85,193        38.487        46,192           243            271           8,943  72,888  645  1,612  1.105 

1989                  87,301        37,463        49,246           276            316          9,139  74.513  721  1,678  1,250 

1990  (prel.)           89.635        37.675        51,300           320            340          9,700  76,400  805  1.550  1,180 

1991  (est.)           92,710        38.450        53,520           350            390          9,500  79,500  880  1,550  1.280 

  Millionsof  constant  1982  dollars'   -  -  —  

1970                  40,206        22.260        17,818             31              95          5,243  33.400  270  607  685 

1971                   39.003        21,341         17,533             32             97          5,359  32,256  257  563  568 

1972                  40.206        21.722         18.352             41              90          5,656  33,222  182  625  521 

1973                  40,878        20,934        19.776             68             99          5,531  33.898  244  608  597 

1974                  39.728        19,351         20.191             81            105          5.06^f  33,173  255  569  667 

1975                  38.388        18,637        19.555             82            114          5.024  31,845  257  582  679 

1976                  39.574        18,880        20,489            84            122          4.655  33,401  264  598  656 

1977                  40,741        19.165        21,357            87            132          4,556  34.599  298  616  672 

1978                  42.565        19,453        22,854           109            150          5,006  35,958  329  584  688 

1979                  44,739       20.041         24,429           109            159          5,054  37,983  353  580  769 

1980                  47.101        20.065        26,771            110            156          4.680  40,516  399  730  776 

1981                   48.648        20,899        27,481            117            150          4,712  42.036  413  747  740 

1982                  51,075        21.507        29,293           121            154          4,947  44,423  404  556  745 

1983                  54.676        22,972        31,411            130            164          5.634  47,293  410  517  823 

1984                  60.657        25,241         35,115           136            165          6,293  52,378  391  620  975 

1085                  66.463        28.383        37,743           149            188          7,073  56,892  407  842  1.248 

1986                  66,167        29.357        36.450           170            190          7.314  56,243  454  1,102  1.054 

1987                   67.449        30.595        36.457           190            207          6.757  57.923  497  1.272  1.001 

1988                  70,194        31,700        38.071            200            223          7.353  60,074  530  1.325  911 

1989                  69,085        29,630        38,988           218            250          7,211  58,992  569  1.324  990 

1990  (pre!.)           68.092        28.612        38.979           243            258          7.358  58.050  611  1.176  897 

1991  (est.)            67.454        27,967        38,949  254  284          6.901  57.856  639  1.126  932 

Data  are  based  on  annual  reports  by  perlormers  except  for  the  nonprofit  sector,  for  which  data  are  estimated.  Since  1978.  the  applied  research/development 
'.f.iin  lor  the  academic  sector  has  been  estimated.  Expenditures  for  federally  funded  research  and  development  centers  (FFRDCs)  administered  by  industry  and 
nonprofit  institutions  are  included  in  the  totals  of  the  respective  sector 

Imputation  procedure  for  industry  funding  of  industry  development  changed  for  1 986  and  later  years,  These  data  may  not  be  comparable  to  data  for  1 985  and  earlier 
years. 

Includes  state  and  local  government  funds  to  the  university  and  college  sector, 

'FFRDCs  administered  by  individual  universities  and  colleges  (U&C)  and  by  university  consortia. 

'See  appendix  table  4-1  for  GNP  tmplicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dolinrs 

SOURCES;  Science  Resources  Studies  Division.  National  Science  Foundation.  National  Patterns  of  R&D  Renources:  1990.  Final  Report  NSF  90-316  (Washington. 
DC:  NSF.  1990):  and  unpublished  tabulations. 

See  figures  4-2  and  4-3  and  figure  0-4  in  Overview.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  4-7, 

Industrial  R&D,  by  character  of  work,  industry  classification,  and  source  of  funds:  1989 


Industry 


Total 


tstimated  total. 


food,  kindred,  and  tobacco  products . 

Textiies  and  apparel  

I. umber,  wood  products,  and  furniture 
Paper  and  allied  products  

Chemicals  and  allied  products.  .  ,  .  .  . 

industrial  chemicals  

Drugs  and  medicines  

Other  chemicals  


Total 


Basic 


Applied 


Development 


Federal  Other 


Total 


Federal    Other     Total     Federal     Other     Total    Federal  Other 


Not  distributed 
Total    Federal  Other 


Millions  of  current  dollars 


101.599 

31.366 

70.233 

4.000 

1,095 

2.905 

23,086 

4,825 

18.261 

74.513 

25,446 

49,067 

0 

0 

0 

101,599 

31,366 

70.233 

2.992 

837 

2.155 

17,356 

3,665 

13.691 

55,555 

17  t8 

37,607 

25,696 

8,916 

16,780 

D 

D 

1.283 

19 

0 

19 

D 

D 

368 

D 

D 

622 

274 

0 

274 

D 

D 

S 

D 

ij 

D 

S 

0 

S 

D 

D 

S 

54 

0 

54 

170 

0 

170 

D 

0 

D 

39 

0 

39 

68 

0 

68 

46 

0 

46 

683 

0 

683 

29 

0 

29 

121 

0 

121 

323 

0 

323 

210 

0 

210 

11.537 

87 

1 1 .450 

534 

8 

526 

3,350 

S 

3,333 

4,118 

57 

4,061 

3,535 

5 

3.530 

4.056 

84 

3.972 

227 

8 

219 

D 

D 

1,095 

1,516 

57 

1,460 

1,203 

4 

1.198 

D 

D 

5.206 

S 

0 

S 

D 

D 

1.378 

D 

D 

1,629 

1,926 

1 

1.925 

D 

D 

2.271 

33 

0 

33 

D 

D 

860 

D 

D 

972 

406 

0 

406 

P(jtroloum  refining  and  e.xtraclion  

2.066 

S 

2.050 

D 

D 

Rubber  products   

D 

D 

679 

17 

0 

Stone,  clay,  and  glass  products   

D 

D 

861 

D 

D 

Hnmary  mnlal*; 

768 

34 

734 

S 

0 

Fabricated  metal  products  

788 

135 

653 

23 

0 

Machinery   

0 

D 

13.216 

D 

D 

Office  computing.  &  acclg  machines  .  .  . 

D 

D 

10.533 

D 

D 

Other  machinery,  except  electrical  

2.789 

106 

2,683 

^;0 

0 

L.tectrical  equipment.   

16.768 

5.222 

11,546 

378 

10 

Haciio  and  TV  receiving  equipment  

85 

0 

85 

S 

0 

Communication  equipment  

10.508 

4,666 

5,842 

D 

D 

f.lfctronic  components   

4.884 

522 

4.362 

D 

D 

Other  electrical  equipment  

1.292 

35 

1,257 

D 

0 

fransportation  equipment  . 

36.863 

21.763 

15,100 

478 

336 

Motor  vehicles  a  ^d  other 

tran.sportation  euuipment   

11.?09 

2.1?9 

9.080 

65 

0 

Aircraft  and  nnss''os  

25.654 

19,634 

6.020 

413 

336 

f^roffrssional  and  scientific  instruments  

5.763 

125 

5.638 

D 

D 

Other  nuinufaclurmg  induslnec   

D 

D 

402 

28 

0 

Normuinufactunng  indusirio'v. 

8.2/3 

2.716 

5.557 

720 

466 

72 

673 

1 

672 

653 

3 

650 

667 

11 

656 

17 

D 

D 

81 

D 

D 

191 

390 

0 

390 

170 

D 

D 

394 

D 

D 

245 

52 

0 

52 

S 

D 

D 

199 

341 

20 

321 

147 

0 

147 

23 

D 

D 

109 

376 

75 

301 

267 

47 

220 

S 

D 

D 

2.722 

D 

D 

S 

1.579 

80 

1.499 

S 

D 

D 

2.220 

D 

D 

S 

1,079 

0 

1.079 

50 

509 

7 

502 

1.730 

19 

1.711 

500 

80 

420 

368 

2.894 

568 

2.326 

10.001 

3.442 

6,559 

3,495 

1.202 

2,293 

S 

D 

0 

D 

U 

0 

D 

51 

0 

51 

D 

1,161 

D 

D 

7.341 

3.158 

4.183 

1.742 

1,055 

687 

39 

D 

D 

1.387 

D 

D 

1.720 

1,350 

134 

1,216 

D 

215 

0 

215 

D 

D 

D 

355 

14 

341 

142 

3.129 

1 

1.461 

22.475 

12,665 

9,810 

10.781 

7,094 

3.687 

65 

685 

92 

593 

6.775 

1,185 

5.590 

3.684 

852 

2.832 

77 

2,444 

1  576 

868 

15,700 

11,480 

4.220 

7,097 

6.242 

855 

196 

688 

21 

667 

D 

D 

1,991 

2,798 

14 

2.784 

28 

D 

D 

51 

D 

D 

249 

74 

0 

74 

254 

1.881 

768 

1.113 

4.348 

1.022 

3.326 

1  324 

460 

864 

[)  ■  withheld  to  avoid  disclosing  operations  of  individual  companies 
vS    withfield  because  of  imputation  of  more  than  50  percent 

SOUHCt  Science  Resources  Studies  Division.  National  Science  Foundation,  unpublished  tabulations. 
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Appendix  table  4-8. 

Federal  obligations  for  R&D  and  R&D  plant,  by  agency  and  character  of  woric  FYs  1980-91 

(page  1  of  4) 



Agency-                                       1980     1981      1982      1983     1984     1985  1986  1987  1988     1989    1990  1991  (est.) 

Total  research  &  development  ^  

Millions  of  current  dollars 

Total,  all  agencies                             29,830  33,104  36,433   38,712  42,225  48,360  51,412  55,255  56,935  61,406  64.896  64.261 

Dept.  of  Agriculture                               688      774      797       848      866      943  929  948  1.017    1,038  1,112  1.224 

Dept.  of  Commerce                               343      328       336       335      358      399  399  402  389      398     434  527 

Dept.  of  Defense                              13.981  16.509  20.623   22,993  25,373  29,792  32.938  35.232  35.415  37,577  38.694  35.188 

Dept.  of  Education                                139      105       128       112      116      125  121  133  141       159     161  204 

Dept.  of  Energy                                 4.754    4.918    4.708     4,537    4.674    4,966  4,688  4.757  5,036    5,193  5,545  6,057 

Dept.  of  Health  &  Human  Services            3,780    3,927    3.941     4,353    4.831    5,451  5.658  6.609  7.158    7.903  8.474  9.336 

National  Institutes  of  Health                3,182    3.333    3,433     3.783    4.257    4,828  5,005  5,853  6,291     6,778  7,137  7.714 

Dept.  of  Housing  &  Urban  Develop ...  .        56       48        29        32       18        19  15  16  18        18       18  30 

Dept.  of  the  Interior                               411      427       381       383      411       392  385  404  417      469     511  586 

Dept.  of  Labor                                     138       62        25        20        16        13  10  22  36        35       27  29 

Dept.  of  Transportation                           361      416      310       348      448      429  386  324  304      303     366  414 

Environmental  Protection  Agency               345      326      335       241      261       320  317  348  347      380     420  425 

National  Aeronautics  &  Space  Admin  .  .    3,234    3.593    3,078     2,662    2,822    3,327  3,420  3,787  4,330    5.393  6,535  7.435 

National  Science  Foundation                    882      962       975     1,062    1.203    1,346  1,353  1,471  1,533    1,670  1,669  1.828 

All  otr^er  agencies                                 719      710       766       789      828      839  793  804  794      870     930  978 

Basic  research  

Total,  all  agencies                              4,674    5,041     5482     6,260    7.067    7.819  8.153  8,944  9,474  10,602  11,277  12,382 

Dept.  of  Agriculture                               276      314      331       362      393      445  433  445  481       485     518  563 

Dept.  of  Commerce                                16        16        17         19       21        23  27  26  31        29      31  31 

Dept.  of  Defense                                  540      604      687       786      848      861  924  908  877      948     948  1.022 

Dept.  of  Education                                 18       21        14        14       12        15  5  3  4         4        5  7 

Dept.  of  Energy                                   523      586      642       768      830      943  960  1,068  1,185    1.411    1,501  1,741 

Dept.  of  Health  &  Human  Services            1,763    1.900    2.145     2.475    2,815    3,233  3.339  3,830  4,081     4.388  4,660  5,101 

National  Institutes  of  Health                1,642    1,767    2,021     2,313    2,625    3.018  3.119  3,577  3.795    4,053  4,251  4,634 

Dept.  of  Housing  &  Urban  Develop               000         000  0  00000 

Dept.  of  the  Interior                                 72       81        77       103      126      138  133  135  126      189     207  231 

Dept.  of  Labor                                       4475531  11166 

Dept.  of  Transportation                             0         1          1          1         4         1  1  0  0         0        0  0 

Environmental  Protection  Agency                14       11        33        22       30        39  39  31  27        51       74  97 

National  Aeronautics  &  Space  Admin  .  .      559      531       536       617      755      751  917  1.0l4  1,113    1,417  1,637  1,730 

National  Science  Foundation                    815      897       916       999    1,132    1.262  1.275  1,371  1,433    1,563   1.570  1.719 

All  other  agencies                                 76       76        78        89       98      105  102  113  115      116     120  135 

Applied  research  ^   

Total,  all  agencies                              6,923    7,172    7,541     7,993    7,911    8,315  8,349  8,999  9,1  76  10,163  10,427  11,563 

Dept.  of  Agriculture                               382      427      436       456      442      466  464  473  505      517     542  606 

Dept.  of  Commerce                               239      233       259       266      276      301  313  313  311       .322     366  433 

Dept.  of  Defense                                1.721    1.997    2.266     2,437    2,201    2,307  2.303  2.440  2,362    2,708  2,590  2,662 

Dept.  of  Education                                 70        33        56        62        69        77  91  104  107       118     120  150 

Dept.  of  Energy                                   754      827    1,054     1.193    1.195    1,198  1,081  1.029  1.051     1,021    1.048  1.220 

Dept.  of  Health  &  Human  Services ...  .    1,570    1.592     1.461     1.545    1.652    1.796  1.851  2.195  2.416    2.700  2.901  3,218 

Nationallnstitutes  of  Health                1.145    1,182     1,104     1,165    1,286    1,410  1,469  1,740  1.886    2.008  2.112  2.264 

Dept.  of  Housing  &  Urban  Develop ...  .        20        17        10        11         6         7  5  6  6         6  711 

Dept.  of  the  Interior                               283      289      275       255      254      231  235  ?47  266      253     270  315 

Dept.  of  Labor                                     33       55        11         13        11         9  9  19  26        22       17  18 

Dept.  of  Transportation                            82        87        66         72        74        70  68  68  91       120     119  146 

Environmental  Protection  Agency              232      208      211       152      142      176  179  246  241       223     242  246 

National  Aeronautics  &  Space  Admin  .  .    1.051      876      871       928      955    1,033  1,152  1.256  1,219    1,461   1.424  1,734 

National  Science  Foundation                     58       59        57        63       71        8^  78  99  100      108       99  109 

All  other  agencies                                 429      472       508       541      564      560  520  503  475      584     682  695 

(continued) 
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Appendix  table  4-8. 

Federal  obligations  for  R&D  and  R&D  plant,  by  agency  and  character  of  work:  FYs  1980*91 
(page  2  of  4) 


Agency  1980     1  981      1982     1  983     1  984     1  985      1  986      1  987     1  988    1  989    1  990  1  991  (est.) 


Development 


Millions  of  current  dollars 

Total,  all  agencies  

.  18.233 

20.891 

23,410 

24,458 

27,246 

32.226 

34,910 

37,313 

38,285 

40.640  43,192  40,316 

30 

33 

31 

30 

31 

32 

32 

29 

36 

52 

55 

Dept.  of  Commerce  

88 

79 

60 

50 

62 

75 

60 

64 

47 

47 

37 

62 

Dept.  of  Defense  

.  11,719 

13,908 

1 7,670 

19,770 

22.324 

26.623 

29,711 

31.884 

32,176 

33.921  35,155  31,504 

Dept.  of  Education  

52 

51 

58 

36 

35 

33 

26 

26 

30 

37 

37 

47 

'\  47R 

2.649 

2.825 

2.648 

2,659 

2.801 

2.761 

2.996 

3.096 

Dept.  of  Health  &  Human  Services  .  . . 

447 

435 

335 

332 

365 

423 

468 

584 

661 

814 

913 

1.018 

National  Institutes  of  Health  

394 

385 

309 

311 

347 

400 

418 

536 

610 

717 

773 

817 

Dept.  of  Housing  &  Urban  Develop .  .  . 

36 

31 

19 

21 

12 

12 

10 

11 

12 

12 

12 

19 

Dept.  of  the  Interior  

57 

57 

30 

25 

31 

22 

17 

22 

24 

27 

34 

40 

Dept.  of  Labor  

102 

4 

8 

2 

0 

1 

1 

1 

9 

13 

4 

5 

Dept.  of  Transportation  

279 

327 

243 

275 

371 

358 

317 

256 

213 

182 

247 

269 

Environmental  Protection  Agency .... 

100 

107 

92 

66 

89 

106 

100 

71 

80 

107 

104 

83 

National  Aeronautics  &  Space  Admin  . 

1 .624 

2.186 

1.671 

1.117 

1,113 

1.544 

1.351 

1.518 

1.999 

2.515 

3.474 

3.971 

National  Science  Foundation  

8 

6 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

All  other  agencies  

214 

162 

180 

159 

166 

173 

170 

188 

202 

168 

128 

148 

R&D  plant 

Total,  all  agencies  

1.556 

1.486 

1.390 

1,298 

1,787 

1,821 

1.539 

1,846 

2,057 

2.967 

2.385 

3.398 

Dept.  of  Agriculture  

57 

21 

21 

34 

39 

41 

79 

112 

135 

124 

96 

151 

Dept.  of  Commerce  

5 

1 

1 

1 

9 

4 

9 

5 

11 

16 

15 

19 

Dept.  of  Defense  

208 

278 

291 

313 

529 

531 

286 

477 

436 

615 

518 

509 

Dept.  of  Education  

0 

0 

0 

0 

0 

1 

7 

21 

5 

9 

9 

7 

Dept.  of  Energy  

1.024 

978 

914 

758 

852 

868 

742 

772 

915 

1043 

1,015 

1.233 

Dept.  of  Health  &  Human  Services  .  .  . 

31 

24 

25 

48 

31 

42 

38 

37 

20 

131 

87 

245 

National  Institutes  of  Health  

29 

22 

19 

18 

28 

29 

29 

35 

19 

130 

84 

233 

Dept.  of  Housing  &  Urban  Develop . .  . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Dept.  of  the  Interor  

8 

3 

1 

2 

5 

4 

4 

12 

9 

12 

11 

15 

Dept.  of  Labor  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Dept.  of  Transportation  

23 

19 

12 

22 

17 

9 

12 

11 

14 

^,9 

22 

21 

Environmental  Protection  Agency .... 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

13 

National  Aeronautics  &  Space  Admin  . 

159 

116 

114 

101 

244 

234 

275 

309 

428 

853 

526 

949 

National  Science  Foundation  

19 

15 

2 

3 

45 

74 

53 

61 

57 

119 

64 

206 

All  other  agencies  

23 

31 

10 

17 

14 

13 

33 

28 

32 

26 

24 

30 

R&D  and  R&D  plant 

TotaL  all  agencies  

.  31.386 

34.590 

37,822 

40.010 

44.012 

50.180 

52.951 

57,101 

58.992 

64.373 

67.281 

67.659 

Dept.  of  Agriculture  

745 

795 

819 

881 

905 

984 

1,008 

1,060 

1,152 

1.162 

1,208 

1.376 

Dept.  of  Commerce  

347 

329 

337 

336 

368 

403 

409 

407 

400 

414 

449 

546 

14.189 

16.786 

20.913 

23.305 

25.902 

30,322 

33,224 

35.709 

35,851 

38,192  39.212  35.698 

Dept.  of  Education  

139 

105 

128 

112 

116 

126 

128 

154 

141 

168 

170 

211 

Dept.  cf  Energy  

5.778 

5,896 

5.622 

5.294 

5.526 

5.834 

5,431 

5.529 

5,951 

6.236 

6,560 

7.289 

Dept.  or  Health  &  Human  Services  .  .  . 

.  3.811 

3.951 

3.965 

4,400 

4.862 

5.493 

5,696 

6.645 

7.178 

8.034 

8,561 

9.581 

National  Institutes  of  Health  

.  3.211 

3.356 

3.453 

3,807 

4,285 

4,857 

5,035 

5.889 

6,310 

6.908 

7,221 

7,947 

Dept.  of  Housing  &  Urban  Develop .  .  . 

56 

48 

29 

32 

18 

19 

15 

16 

18 

18 

18 

30 

Dept.  of  the  Interior  

419 

431 

382 

385 

416 

396 

390 

416 

426 

481 

522 

600 

Dept.  of  Labor  

138 

62 

25 

20 

16 

13 

10 

22 

36 

35 

27 

29 

Dept.  of  Transportation  

385 

434 

322 

370 

465 

438 

398 

336 

318 

322 

387 

435 

Environmental  Protection  Agency .... 

345 

326 

335 

241 

261 

320 

317 

348 

347 

380 

420 

439 

National  Aeronautics  &  Sp^ce  Admin  . 

.  3,393 

3,709 

3.192 

2.763 

3.066 

3.562 

3.695 

4.097 

4.758 

6,246 

7,060 

8,384 

National  Science  Foundation  

901 

976 

977 

1,065 

1.248 

1.419 

1,407 

1,532 

1,590 

1,789 

1.733 

2,034 

741 

741 

775 

805 

842 

851 

825 

832 

826 

896 

954 

1.008 

(continued) 
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Appendix  table  4*8. 

Federal  obligations  for  R&D  and  R&D  plant,  by  agency  and  character  of  woric  FYs  1980-91 

(page  3  of  4) 


Agency  1980    1981      1982      1983     1984     1985      1986      1987     1988     1989    1990 1991  (est.) 


Total  research  &  development 


Millions  1 

of  constant  1982  dollars' 

Total,  all  agencies  

35.202 

35,517 

36,433 

37.140 

39,028 

43.359 

44,898 

46,813 

46,815 

48,450  47.143  46.682 

811 

830 

797 

813 

801 

845 

811 

803 

836 

819 

808 

889 

Dept.  of  Commerce  

404 

352 

336 

321 

331 

358 

349 

341 

320 

314 

315 

383 

16,499 

17,712 

20,623 

22,059 

23,452 

26,711 

28,764 

29,849 

29.120 

29.649  28,109  25,562 

Dept.  of  Education  

165 

113 

128 

107 

107 

112 

106 

112 

116 

125 

117 

148 

5.610 

4,7Uo 

4.ob2 

4.452 

4,094 

4,030 

4. 1 4 1 

4,097 

4,028 

4.400 

Dept.  of  Health  &  Human  Services  .  . . 

.  4.461 

4.213 

3.941 

4.176 

4,465 

4,887 

4.941 

5,599 

5,886 

6,236 

6,156 

6.782 

National  Institutes  of  Health  

3.755 

3,576 

3,433 

3,635 

3,935 

4,328 

4.371 

4,959 

5,173 

5.348 

5.185 

5,604 

Dept.  of  Housing  &  Urban  Develop .  . . 

66 

52 

29 

31 

17 

17 

13 

14 

15 

14 

13 

22 

Dept.  of  the  Interior  

485 

458 

381 

367 

380 

351 

336 

342 

343 

370 

371 

426 

Dept.  of  Labor  

163 

67 

25 

19 

15 

12 

9 

18 

30 

28 

20 

21 

Dept.  of  Transportation  

426 

446 

310 

334 

414 

385 

337 

275 

250 

239 

266 

301 

Environmental  Protection  Agency .... 

407 

349 

335 

231 

241 

287 

277 

295 

285 

300 

305 

309 

National  Aeronautics  &  Space  Admin  . 

.  3,816 

3.855 

3,078 

2,554 

2,608 

2,983 

2.986 

3,208 

3,560 

4,255 

4,747 

5.401 

National  Science  Foundation  

1,041 

1.032 

975 

1,019 

1.112 

1,206 

1.182 

1,246 

1,261 

1,318 

1,213 

1.328 

All  other  agencies  

848 

762 

766 

757 

765 

752 

692 

681 

653 

686 

676 

710 

Basic  research 

5,516 

5,409 

5,482 

6.006 

6.532 

7,010 

7,120 

7,578 

7,790 

8.365 

8,554 

8,995 

Dept.  of  Agriculture  

325 

337 

331 

347 

363 

399 

378 

377 

396 

383 

393 

409 

Dept.  of  Commerce  

19 

17 

17 

18 

19 

21 

23 

22 

25 

23 

24 

23 

638 

648 

687 

754 

784 

772 

807 

769 

721 

748 

719 

743 

Dept.  of  Education  

21 

22 

14 

14 

11 

13 

4 

3 

3 

3 

3 

5 

617 

629 

642 

737 

768 

845 

838 

905 

974 

1,113 

1,138 

1,264 

Dept.  of  Health  &  Human  Services  .  . . 

.  2.080 

2,039 

2,145 

2.375 

2,601 

2.898 

2,916 

3,244 

3,356 

3,462 

3,535 

3.705 

National  Institutes  of  Health  

1,938 

1,896 

2,021 

2,219 

2,426 

2.706 

2,723 

3,031 

3,120 

3,198 

3,225 

3.366 

Dept.  of  Housing  &  Urban  Develop .  . . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

84 

87 

77 

99 

116 

124 

116 

114 

104 

149 

157 

168 

5 

4 

7 

5 

5 

3 

1 

1 

1 

1 

5 

4 

Dept.  of  Transportation  

0 

1 

1 

1 

3 

1 

1 

0 

0 

0 

0 

0 

Environmental  Protection  Agency .... 

16 

11 

33 

21 

27 

35 

34 

26 

22 

40 

56 

70 

National  Aeronautics  &  Space  Admin  . 

660 

570 

536 

592 

697 

673 

801 

859 

915 

1,118 

1,242 

1,256 

National  Science  Foundation  

962 

962 

916 

959 

1,047 

1.131 

1.114 

1,162 

1,178 

1,233 

1.191 

1.249 

All  other  agencies  

89 

81 

78 

85 

91 

94 

89 

95 

95 

92 

91 

98 

Applied  research 

8.170 

7,694 

7,541 

7,669 

7,312 

7,455 

7,291 

7.624 

7.545 

8,019 

7,910 

8.400 

451 

458 

436 

437 

409 

417 

405 

401 

415 

408 

411 

441 

Dept.  of  Commerce  

281 

250 

259 

255 

255 

270 

273 

265 

256 

254 

278 

315 

2,031 

2.142 

2,266 

2,338 

2,034 

2,068 

2,011 

2,067 

1,942 

2,137 

1,965 

1,934 

83 

36 

56 

59 

63 

69 

80 

88 

88 

93 

91 

109 

Dept.  of  Energy  

890 

888 

1.054 

1.145 

1,104 

1,074 

944 

872 

864 

806 

795 

886 

Dept.  of  Health  &  Human  Services  .  . . 

1 .853 

1.708 

1,461 

1.483 

1,526 

1,610 

1,616 

1,859 

1.987 

2.130 

2.201 

2.337 

National  Institutes  of  Health  

1,351 

1.268 

1.104 

1,118 

1,188 

1.264 

1,283 

1.474 

1,551 

1,584 

1.602 

1.645 

Dept.  of  Housing  &  Urban  Develop .  . . 

23 

18 

10 

11 

6 

6 

5 

5 

5 

5 

5 

8 

Dept.  of  the  Interior  

334 

310 

275 

244 

235 

207 

205 

210 

219 

200 

205 

229 

38 

58 

11 

12 

10 

8 

8 

16 

21 

17 

13 

13 

Dept.  of  Transportation  

97 

94 

66 

69 

69 

63 

59 

58 

75 

95 

90 

106 

Environmental  Protection  Agency .... 

273 

223 

211 

146 

132 

158 

157 

208 

198 

176 

183 

179 

National  Aeronautics  &  Space  Admin  . 

.  1.240 

940 

871 

890 

882 

926 

1,006 

1.064 

1,002 

1,153 

1,080 

1.260 

National  Science  Foundation  

69 

63 

57 

60 

65 

75 

68 

84 

82 

85 

75 

79 

507 

506 

508 

519 

521 

502 

454 

426 

391 

461 

518 

505 

(continued) 
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Appendix  table  4-8. 

Federal  obligations  for  R&D  and  R&D  plant,  by  agency  and  character  of  work:  FYs  1980*91 
(page  4  of  4) 


Agency  1980     1981      1982     1983     1984     1985      1986     1987     1988     1989    1990  1991  (est.) 


Development 


  Millions  of  constant  1 982  dollars' 

^1,o1b 

oo  A-i  r\ 

23,465 

25.183 

28,894 

30,487 

31.612 

0  \  j'foU 

32.065  32.765  29,288 

OD 

00 

0  1 

29 

29 

29 

28 

25 

28 

39 

40 

104 

84 

60 

48 

57 

67 

52 

54 

37 

28 

45 

1 0,0^:9 

1  /,D/U 

18,967 

20.634 

23.870 

25,946 

27,013 

oe  Acy 

26,764  26,668  22,886 

Dept.  of  Education  

61 

55 

CO 

58 

34 

32 

30 

22 

22 

CO 

29 

28 

34 

Hont  nf  Pn Arnw 

4  102 

3.760 

3,012 

2,471 

2.448 

2,533 

2,312 

2,253 

2.303 

2,178 

2,273 

2,249 

Dept.  of  Health  &  Human  Services  .  . . 

528 

467 

335 

318 

337 

379 

409 

495 

544 

642 

692 

740 

National  Institutes  of  Health  

465 

413 

309 

298 

321 

358 

365 

454 

502 

566 

586 

594 

Dept.  of  Housing  &  Urban  Develop  .  .  . 

43 

34 

19 

20 

11 

11 

9 

9 

10 

9 

9 

14 

Dept.  of  the  Interior  

67 

61 

30 

24 

28 

20 

15 

18 

20 

21 

26 

29 

120 

4 

8 

2 

0 

1 

1 

1 

7 

10 

3 

3 

Dept.  of  Transportation  

329 

351 

243 

264 

343 

321 

277 

217 

175 

144 

187 

195 

Environmental  Protection  Agency.  .  . , 

118 

115 

92 

63 

82 

95 

87 

60 

66 

84 

79 

60 

National  Aeronautics  &  Space  Admin  . 

1,917 

2,345 

1,671 

1,071 

1.028 

1.384 

1,180 

1.286 

1.644 

1.984 

2.635 

2,885 

National  Science  Foundation  

10 

7 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

All  other  agencies  

253 

174 

180 

153 

153 

155 

149 

160 

166 

133 

97 

107 

R&D  plant 

1.836 

1,594 

1,390 

1,245 

1,652 

1,633 

1,344 

1,564 

1.691 

2,341 

1.809 

2,468 

Dept.  of  Agriculture  

67 

22 

21 

32 

36 

36 

69 

95 

111 

98 

73 

110 

Dept.  of  Commerce  

5 

1 

1 

1 

9 

8 

4 

9 

13 

11 

14 

Dept.  of  Defense  

246 

298 

291 

300 

489 

250 

404 

358 

485 

393 

370 

Dept.  of  Education  

0 

0 

0 

0 

0 

1 

6 

18 

4 

7 

7 

5 

Dept.  of  Energy  

1.208 

1,050 

914 

727 

788 

779 

648 

654 

752 

823 

770 

895 

Dept.  of  Health  &  Human  Services  .  .  . . 

36 

25 

25 

46 

29 

38 

33 

31 

16 

103 

66 

178 

National  Institutes  of  Health  

35 

24 

19 

17 

26 

26 

26 

30 

16 

103 

64 

169 

Dept.  of  Housing  &  Urban  Develop  .  .  . . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Dept.  of  the  Interior  

9 

4 

1 

2 

5 

4 

10 

8 

9 

9 

11 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Dept.  of  Transportation  

27 

20 

12 

21 

16 

8 

11 

9 

11 

15 

17 

15 

Environmental  Protection  Agency  

0 

0 

0 

0 

0 

0 

0 

J 

0 

0 

0 

10 

National  Aeronautics  &  Space  Admin  .  . 

188 

124 

114 

97 

226 

210 

240 

262 

352 

673 

399 

690 

National  Science  Foundation  

22 

16 

2 

3 

42 

66 

46 

52 

47 

94 

48 

150 

All  other  agencies  

27 

34 

10 

16 

13 

11 

29 

24 

26 

21 

18 

22 

R&D  and  R&D  plant 

37.038 

37,111 

37.822 

38,385 

40,680 

44.992 

46,242 

48,377 

48,506 

50.791  51,038  49,150 

Dept.  of  Agriculture  

879 

853 

819 

846 

837 

882 

880 

898 

947 

917 

917 

999 

410 

353 

337 

322 

340 

361 

357 

345 

329 

327 

340 

397 

16.744 

18.010 

20.913 

22.359 

23.941 

27.187 

29,014 

30,253 

29,478 

30.134  29.745  25.932 

Dept.  of  Education  

16b 

113 

128 

107 

107 

113 

112 

130 

116 

133 

129 

153 

Dept.  of  Energy  

6.818 

6.326 

5.622 

5.079 

5.108 

5.231 

4.742 

4,385 

4.893 

4,920 

4.976 

5,295 

Dept.  of  Health  &  Human  Services  .  .  . 

4,497 

4.239 

3.965 

4.222 

4.494 

4,925 

4,974 

5.630 

5.902 

6,339 

6,494 

6.960 

National  Institutes  of  Health  

3,789 

3.600 

3.453 

3.652 

3,961 

4.354 

4.397 

4,989 

5.188 

5.450 

5.478 

5.773 

Dept.  of  Housing  &  Urban  Develop  .  .  . 

66 

52 

29 

31 

17 

17 

13 

14 

15 

14 

14 

22 

Dept.  of  the  Interior  

494 

462 

382 

369 

385 

355 

340 

352 

351 

380 

396 

436 

Dept.  of  Labor  

163 

67 

25 

19 

15 

12 

9 

18 

30 

28 

21 

21 

Dept.  of  Transportation  

454 

466 

322 

355 

430 

393 

347 

284 

261 

254 

294 

316 

Environmental  Protection  Agency .... 

407 

349 

335 

231 

241 

287 

277 

295 

285 

300 

318 

319 

National  Aeronautics  &  Space  Admin  . 

4.004 

3.979 

3.192 

2,651 

2.834 

3.193 

3.227 

3.471 

3.912 

4.928 

5,356 

6.090 

1.063 

1.047 

977 

1.022 

1.154 

1.272 

1.228 

1,298 

1.307 

1.412 

1,315 

1.478 

875 

795 

775 

773 

779 

763 

721 

705 

679 

707 

723 

732 

NOTE:  Data  for  1990  and  1991  are  from  the  AdminislratioiVs  1992  budget  proposal,  they  differ  from  Ihe  figures  in  appendix  tables  4-9  through  4-13. 
See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation  (NSF).  Federal  f'undr.  for  Resedrch  and  Oe-elopment.  Detailed  Historical  "tables: 

Fiscal  Years  1955  1990  (Washington  DC:  NSF.  1990);  NSF.  unpublished  tabulations:  and  Office  of  Management  and  Budget,  unpublished  tabulations 

See  figures  4  4  and  4-5  arid  figure  0-5  m  Overview.  Science  &  Engineering  Indicators  -  1991 


ERIC 


Science  &  Engineering  Indicators  -1991  317 
Appendix  table  4-9. 

Federal  obligations  to  intramural  performers  for  total  R&D  and  basic  research,  by  selected  agency:  FYs  1980-91 

Dept.       National      National       National       Dept.  Dept.  Dept.  Dept.  All 

All             of         Institutes  Aero  &  Space    Science         of  of  of  of  other 

agencies      Defense     of  Health      Admin.      Foundation  Agriculture  Energy  Commerce    Interior  agencies 

Total  research  and  development 

Millions  of  current  dollars  -  - 

1980                        7.632          3,796            587            965            75            457  474  226  242  810 

1981                        8,426          4,281            639          1,044           106            511  451  237  274  883 

1982                        9,141           5,139            709          1,166           118            531  176  242  261  799 

1983                       10.582          6.401            769          1.134           131             559  258  252  274  804 

1984                       11,572          7,257           830          1,043           136            589  216  256  334  911 

1985                       12.945          8,324           874          1,171           143            628  224  280  342  959 

1986                       13,535          8.881            958          1.217           130            630  206  285  332  896 

1987                       13,413          8,336          1.000          1,414           143            649  248  320  355  948 

1988                       14,281           9,046          1,092          1.335           162            694  245  316  353  1,038 

1989                       15,121          9,296         1.171          1.733           166            689  248  325  394  1.099 

1990  (est.)               16.094          9.467         1.339          2,052           175            736  362  336  425  1.202 

1991  (est.)               16,396          8,988          1.402          2.573           187            776  427  349  435  1.259 

Basic  research 

1980                        1,182            199            320            225            68            180  6  13  62  109 

1981                        1.302            226            335            216            99            202  6  15  69  134 

1982                        1.466            246           405            251           112            219  7  16  65  145 

1983                        1.690            276            449            305           126            239  18  18  84  175 

1984                        1,861             303            479            345           1  30            274  11  10  110  1  90 

1985                        1,961             301            543            318           138            296  21  21  117  206 

1986                        2,018            308            579            363           126            293  25  23  111  189 

1987                        2.046            283            568            379           138            302  35  22  119  199 

1988                        2.050            263            592            343           154            322  33  27  108  208 

1989                        2.371             292            695            454           157            324  49  25  159  208 

1990  (est.)                2,573            284           794            503           165            345  49  26  168  216 

1991  (est)                2,782            310            851            559           176            365  46  29  174  239 

NOTE:  Intramural  activities  cover  costs  associated  with  the  planning  and  administration  of  intramural  and  extramural  R&D  programs  by  Federal  personnel  as  well  as 
actual  intramural  R&D  performance. 

SOURCES:  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation,  Federal  Funds  for  Research  and  Development.  Detailed  Historical  Tables: 
Fiscal  Years  1955- 1990  (Washington.  DC:  NSF.  1 990):  and  SRS.  Federal  Funds  for  Research  and  Development:  Fiscal  Years  1989.  1990,  and  1991  NSF  90-327 
Final  (Washington.  DC:  NSF.  1991). 
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Appendix  A.  Appendix  Tables 


Appendix  table  4-10. 

Estimated  Federal  obligations  for  R&D,  by  selected  agency,  performer,  and  character  of  work:  FY  1991 

FFRDCs  Univers,  FFRDCs  Other    FFRDCs  State  & 

Federal                admin,  by  and  admin,  by  non-    admin,  by  local 

Agency                                          Total     intramural    Industry    industry  colleges  U&C  profits  nonprofits  govt  Foreign 

Total  research  &  development  

Millions  of  current  dollars 

Total,  all  agencies                                  66,107      16,396      31,512       2,062  9,191  3.654  2,302       482       184  325 

Dept.  of  Agriculture                               1,158         776            6           0  364  0  6         0         2  3 

Dept.  of  Defense                                   36,918       8,983      25,353         287  1,069  624  110       313  1  172 

Dept.  of  Energy                                      6,006         428          964       1,710  429  2,164  165       142  1  4 

Dept,  of  Health  &  Human  Services               8,888       1,879         398          19  4,946  33  1,428        11       115  59 

NafI  Aeronautics  &  Space  Admin                8.322       2,573       4,263            0  533  701  230         3         5  12 

National  Science  Foundation                      1.983         187           90            1  1.478  111  115         0         2  0 

All  other  agencies                                  2.837       1.56  5         437          4  5  372  21  248        1  4        58  75 

Basic  research 

Total,  all  agencies                                  12^55       2,782        1,043         194  5,721  1,267  1,077        68        51  52 

Dept,  of  Agriculture                                  547         365             *            0  176  *  3         0         1  2 

Dept,  of  Defense                                       972         310           88            1  529  8  24           *         0  12 

Dept,  of  Energy                                    1.677          46           42         180  307  899  141        61  *  1 

Dept,  of  Health  &  Human  Services  4,940         989         201           10  2,892  21  744         4        46  33 

NafI  Aeronautics  &  Space  Admin                 1,803         559         593            0  367  227  50          2         ^  A 

National  Science  Foundation                      1.853         176           76            1  1,382  111  106          *         2  0 

All  other  agencies,  ,                                463         337          43  2  68  1  9         1         1  ' 

Applied  research  

Total,  all  agencies                                  10,965       4,084        2,384         311  2,635  596  720        70        74  90 

Deot,  of  Agriculture                                  570         373            6            0  186  0  3         0         1  1 

Dept,  of  Defense                                     2,497       1,027        1.079           24  260  49  38          9  1  9 

Dept.  of  Energy                                    1.064         175         118         239  109  363  18        42         1  1 

Dept,  of  Health  &  Human  Services,  ,,  .         3.037         713          153           6  1,621  9  463          6        45  21 

Nat'l  Aeronautics  &  Space  Admin                 1,970         831          811            0  109  157  56          *         1  3 

National  Science  Foundation                        130           11           14            *  96  *  9          0         *  0 

All  other  agencies                                    1.697         954          203           42  254  18  133         13        25  55 

Development  

Total,  all  agencies                                  42,888       9^30      28,084       1,557  835  1.791  505       345        59  183 

Dept,  of  Agriculture                                  41          38            0           0  2  0  *         0         *  * 

Dept.  of  Defense                                   33,449       7,651       24,186         262  280  567  48       304  *  151 

Dept,  of  Energy                                      3,265         207          804       1,291  13  902  6        39  '  2 

Dept,  of  Health  &  Human  Services,  ,, ,           911         177           44            3  433  3  221          1        24  5 

Nat1  Aeronautics  &  Space  Admin                 4.549       1,183        2,859            0  57  317  124          1  3  5 

National  Science  Foundation                         0           0            0           0  0  0  0         0         0  0 

All  other  agencies                                    637         274         191            1  50  2  106         0        32  20 

•    less  than  $500,000 

NOTES  These  figures  reflect  funding  levels  as  reported  by  Federal  agencies  in  March  Ihroi.gh  October  1990  They  differ  from  Hie  figures  in  appendix  table  4-8.  which 
relied  subsequent  Congressional  apr 'opriation  actions  through  January  1991,  FFRDCs  =  federally  funded  research  and  development  centers,  U&C  universities 
and  colleges 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Federal  Funds  for  Research  and  Development:  Fiscal  Years  1989.  1990.  and  1991. 
NSF  90-327  Final  (Washington.  DC:  NSF.  1991 ). 

See  text  table  4-2.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  4-11. 

Federal  obligations  for  R&D,  by  character  of  work  and  performer:  FYs  1980-91 

(page  1  of  2) 


Performer 

1  9o0 

1  yo^: 

1  yoo 

TOTAL  RESEARCH  AND  DEVELOPMENT  

29.830 

33.104 

36.433 

38.712 

7.632 

8.426 

9,141 

10.582 

12.969 

14.868 

17.192 

17,148 

FFRDCs  administered  by  industry  

1.408 

1.414 

1.506 

1.501 

Universities  and  colleges  excluding  FFRDCs  .  .  .  . 

4,263 

4.466 

4.606 

4.966 

FFRDCs  administered  by  universities/colleges .  .  . 

1.533 

1.791 

1.977 

2.266 

Nonprofit  institutions  excluding  FFRDCs  

1.106 

1,069 

1.092 

1,242 

FFF^DCs  administered  by  nonprofit  institutions  .  .  . 

442 

525 

521 

581 

State  and  local  governments  

266 

222 

184 

186 

211 

323 

214 

240 

Eiasic  research  

4.674 

5,041 

5.482 

6.260 

1.183 

1,302 

1.466 

1.690 

InHi  ictriiil  firmc  oy/^liiHinn  FFOnf^.c 

325 

293 

271 

306 

FFRDCs  administered  by  industry  

70 

73 

87 

83 

Universities  and  colleges  excluding  FFRDCs  ... 

2.320 

2,503 

2,727 

3.112 

FFFWCs  administered  by  universities  colleges  .  . 

437 

49^ 

517 

591 

Nonprofit  institutions  excluding  FFRDCs  

280 

313 

356 

410 

FFRDCs  administered  by  nonprofit  institutions  .  . 

8 

9 

9 

8 

State  and  local  governments  

24 

27 

25 

32 

28 

31 

25 

29 

6.923 

7.172 

7.541 

7.993 

Federal  intramural    

2.484 

2.732 

2.729 

3.020 

liiHi  1  c*  tn -il  firrtIC  tiVT'lllHinn  Pf-Onr^C 

1 .752 

1,665 

1,886 

1,847 

FFRDCs  administered  by  industry  

241 

278 

400 

440 

UnivtKsities  and  colleges  excluding  FFRDCs  .  .  . 

1.379 

1.417 

1.318 

1,356 

Ff  RDCr.  administered  by  universities  colleges  .  . 

414 

450 

540 

621 

Nonprofit  institutions  excluding  FFRDCs  

399 

392 

388 

427 

FFRDCs  administered  by  nor)prOfit  institutions  .  . 

64 

59 

95 

77 

State  and  local  overnnients  

12/ 

103 

101 

105 

63 

75 

83 

101 

18.233 

20.891 

23.410 

24.458 

F  ederal  .ntrairrral  

3.966 

4.392 

4.947 

5.872 

Indu'-.tnal  tums  excluding  FFRDCs  

10.892 

12.910 

15.036 

14.995 

f  r  FU)Cs  ridministered  by  industry  

1.097 

1,063 

1.019 

979 

H(iiveri;ities  and  c^olleges  excluding  FFRDCs  .  .  . 

564 

546 

560 

499 

f  (  MOCs'  adminii  .ered  by  universities  colleges  . 

682 

850 

920 

1.054 

Nonprofit  institution.,  excluding  FFRDCs  

427 

364 

348 

405 

rrr^tXs  administered  by  nonprofit  institutions  .  . 

370 

458 

41C 

496 

St(Un  and  local  governments  

115 

93 

58 

49 

120 

218 

106 

110 

ERIC  3()o 


1990  1991 


1  OQA 

1985 

1986 

1  Qfl7 

1  \70  / 

1  qnn 

1  \700 

1  QflQ 

Millions  of  current  dollars 

12.225 

AO  ocn 

CA    A-i  n 

D  \  ,41  c 

55,255 

56,935 

61,405 

62.320 

66.107 

11.572 

12,945 

13.535 

13.413 

14.281 

15.121 

16.094 

16.396 

18,753 

21.969 

24.509 

26.752 

26,719 

28.548 

28,854 

31.512 

1,608 

1.791 

1 ,697 

1.860 

1.911 

1,960 

2,054 

2.062 

5,565 

6.358 

6.579 

7.354 

7.828 

8,672 

8,748 

9.191 

2,325 

2.535 

2.440 

3.210 

3,474 

3,497 

3,410 

3,654 

1 ,497 

1.699 

1,676 

1.711 

1,683 

1.999 

2.184 

2.302 

597 

689 

553 

511 

506 

r)21 

445 

482 

131 

129 

128 

148 

142 

168 

175 

184 

176 

245 

296 

298 

392 

919 

357 

325 

7.067 

7,0 1 9 

O.I  5o 

8.944 

9,623 

10,602 

1 1 ,348 

12.255 

1,861 

1.923 

2.019 

2.046 

2.173 

2.371 

2,573 

2.782 

394 

408 

545 

467 

583 

773 

959 

1,043 

91 

123 

118 

120 

135 

167 

176 

194 

3.531 

4.039 

4.132 

4.666 

4.927 

5.221 

5,377 

5,721 

653 

696 

691 

907 

1.009 

1.098 

1.146 

1,267 

474 

556 

572 

658 

713 

839 

963 

1,077 

8 

12 

13 

13 

14 

42 

55 

68 

28 

31 

31 

38 

40 

44 

48 

51 

28 

31 

33 

30 

30 

47 

50 

52 

7,911 

8.315 

8,349 

8.999 

9,241 

10,163 

10.335 

10,965 

2,904 

3.133 

3.142 

3.392 

3,452 

3.611 

3.765 

4,084 

1,792 

1.751 

1.835 

1.982 

1.975 

2.102 

2.203 

2.384 

405 

363 

365 

314 

314 

353 

343 

311 

1.499 

1.688 

1.751 

1.975 

2,124 

2.572 

2.496 

2,635 

635 

641 

5C2 

564 

593 

605 

587 

596 

449 

489 

490 

550 

576 

681 

722 

720 

79 

85 

76 

77 

71 

67 

66 

70 

60 

59 

60 

53 

53 

78 

79 

74 

89 

107 

130 

94 

83 

95 

75 

90 

27.246 

32.226 

34,910 

37.313 

39,648 

40.640 

40,637 

42.888 

6.808 

7.889 

8.375 

7.975 

8.889 

9.139 

9.756 

9,530 

1  D .  Do  / 

19.810 

22.129 

24.303 

25.676 

25.673 

25.692 

28.084 

1.112 

1.305 

1.215 

1,426 

1,439 

1.440 

1,534 

1.557 

535 

631 

696 

713 

720 

879 

875 

835 

1 .037 

1.198 

1.247 

1,739 

1.770 

1.794 

1.677 

1.791 

575 

654 

614 

503 

512 

479 

498 

505 

5^0 

592 

463 

421 

430 

412 

323 

345 

43 

40 

37 

58 

55 

46 

48 

59 

59 

107 

134 

173 

159 

777 

233 

183 

(continued) 
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Federal  obligations  for  R&D,  by  character  Qf  work  and  performer:  FYs  1980-91 
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Performer 


1980 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


1988 


1989 


1990 
(est.) 


TOTAL  RESEARCH  AND  DEVELOPMENT   35.202  35.517 

Federal  Inlramurar   9.007  9.040 

Industrial  firms  excluding  FFRDCs   15.304  15.952 

FFRDCs  administered  by  industry   1 ,662  1 ,517 

Universities  and  colleges  excluding  FFRDCs  ....  5.031  4.791 

FFRDCs  administered  by  universities/colleges  ...  1 .809  1 ,922 

Nonprofit  institutions  excluding  FFRDCs   1.305  1.147 

FFRDCs  administered  by  nonprofit  institutions  ...  521  563 

Stale  and  local  governments   313  238 

Foreign   249  347 

Basic  research .   5.516  5.409 

Federal  iritramural'   1 .3b5  1 ,397 

Industrial  firms  excluding  FFRDCs   384  314 

FFRDCs  administered  by  industry   83  79 

Universities  and  colleges  excluding  FFRDCs  ....  2,738  2.686 

FFRDCs  administered  by  universities/colleges ...  515  526 

Nonprofit  institutions  excluding  FFRDCs   330  336 

FFRDCs  administered  by  nonprofit  institutions  ...  9  9 

Slate  and  local  governments   28  28 

Foreign   33  33 

Applied  research    8,170  7,694 

Federalmtramural"   2.931  2,932 

Industrial  firms  excluding  FFRDCs   2.068  1 ,787 

FFRDCs  administered  by  industry   284  298 

Universities  and  colleges  excluding  FFRDCs  ....  1 ,627  1 .520 

FFRDCs  administered  by  universities/colleges ...  489  483 

Nonprofit  institutions  excluding  FFRDCs   471  421 

FFRDCs  administered  by  nonprofit  in5tilulions  ...  76  63 

Slate  and  local  governments   150  110 

Foreign   74  80 

Davelopmenl   21.516  22,414 

Federal  ;ntraniura!   4,680  4.712 

Industnal  firms  excluding  FFRDCs   1 2.853  1 3,851 

FFRDCs  administered  by  industry   1 .295  1 .140 

Universities  and  colleges  excluding  FFRDCs  ....  666  585 

f-FPDCs  administered  by  universities/colleges  .  .  .  805  912 

NonproSt  .n<:  lulions  excluding  FFRDCs   504  390 

FFRDCs  aurninistered  by  nonprofit  institutions  .  .  .  437  491 

State  and  local  governments   135  100 

Foreign   142  233 


31)7 

ERIC 


36,433 
9.141 
17.192 
1.506 
4.606 
1.977 
1.092 
521 
184 
214 

5,482 
1,466 
271 
87 
2.727 
517 
356 
9 
25 
25 

7.541 
2,729 


1 


886 
400 
318 
540 
388 

95 
101 

83 


23,410 
4.947 
15,036 
1,019 
560 
920 
348 
416 
58 
106 


37,140 
10,152 
16.451 
1,440 
4.765 
2.174 
1.191 
558 
178 
230 

6,006 
1.621 
293 
80 
2,986 
567 
393 
8 
31 
27 

7,669 
2,898 
1,77? 

422 
1,301 

595 

410 
74 

100 
97 

23.465 
5.633 
14,386 
939 
478 
1,011 
388 
476 
47 
105 


Millions  of  constant  1 982  dollars-^ 


39,028 
10,696 
17.333 
1,487 
5.144 
2,149 
1,384 
552 
121 
162 

6,532 
1.720 
364 
84 
3.263 
603 
438 
8 
26 
26 

7.312 
2,684 
1.656 
375 
1,385 
587 
415 
73 
55 
82 

25.183 
6,292 
15.313 
1,028 
495 
959 
531 
471 
40 
55 


43,359 
1 1 ,607 
19,697 
1.606 
5  700 
2,273 
1,523 
618 
116 
219 

7,010 
1,725 
366 
110 
3.621 
624 
498 
11 
27 
28 

7,455 
2,809 
1,570 
326 
1,513 
574 
439 
76 
53 
96 

28.894 
7,074 
17,761 
1,170 
566 
1.074 
586 
531 
36 
96 


44.898 
11,820 
21.403 
1,482 
5.746 
2.131 
1.463 
483 
112 
259 

7.120 
1.763 
476 
103 
3,609 
604 
500 
11 
27 
29 

7.291 
2,743 
1,602 

318 
1,529 

438 

428 
66 
52 

113 

30.487 
7.313 
19,325 
1.061 
608 
1,089 
536 
405 
33 
117 


46.813 
11,364 
22,665 
1,576 
6,230 
2.719 
1.449 
433 
126 
252 

7.5VJ 
1.734 
396 
102 
3.953 
768 
557 
11 
32 
26 

7,624 
2.873 
1,679 
266 
1.673 
478 
466 
65 
45 
80 

31,612 
6,757 
20.590 
1,208 
604 
1.473 
426 
357 
49 
147 


46.815 
11,742 
21.970 
1.571 
6.437 
2.856 
1.384 
416 
117 
322 

7.912 
1.787 
479 
111 
4.051 
829 
586 
11 
33 
25 

7,599 
2.839 
1,624 
258 
1,747 
487 
474 
58 
44 
68 

32,601 
7,309 
21,112 
1.183 
592 
1.455 
421 
353 
45 
131 


48,450 
11.931 
22,525 
1.546 
6.842 
2.759 
1.577 
411 
133 
725 

8,365 
1.871 
610 
132 
4.119 
866 
662 
33 
35 
37 

8,019 
2,849 
1,658 
279 
2,029 
477 
537 
53 
62 
75 

32.065 
7.211 
20.256 
1.136 
694 
1.415 
378 
325 
36 
613 


NOTL  f  FHDCs  -  Federally  funded  research  and  development  centers 

t  rwral  ifjtr.inujf.il  activities  c'^v«r  costr,  associated  with  adniinistering  mtraniural  and  extramural  programs  by  Federal  personnel  and  actual  intramural  performance. 
SffO  app(jndu  table  4  1  for  GNP  irnpifrit  pf«ce  deflators  used  to  convert  current  dollars  to  constant  1982  dollars 

-.OUF^Crs  ScK?nce  Resoiifces  Studies  Division  (SRS).  National  Science  Foundation.  Federal  Funds  /jr  Research  and  Development.  Detailed  Historical  Tables:  Fiscal  Years 
SHS.  Federal  Funds  for  Research  and  Development:  Fiscal  Years  1989.  1990.  and  199h  NSF  90-3^;/  r,nal  (Washington.  DC:  NSF,  1991 ). 


47.275 
12,209 
21.888 
1,558 
6,636 
2.587 
1.657 
338 
133 
271 

8,608 
1.952 
727 
134 
4,079 
869 
731 
42 
36 
38 

7,840 
2.856 
1.671 
260 
1,893 
445 
548 
50 
60 
57 

30,827 
7.401 
19,490 
1.164 
664 
1,272 
378 
245 
36 
177 


1991 
(est.) 


48.023 
11.911 
22.892 
1.498 
6,677 
2,654 
1.672 
350 
134 
236 

8,903 
2.021 
758 
141 
4.156 
920 
782 
49 
37 
38 


7,965 
2,967 
1.732 
226 
1,914 
433 
523 
51 
54 
65 


31.156 
6,923 
20,401 
1.131 
607 
1.301 
367 
251 
43 
133 


y955  /99£)  (Washington.  DC:  NSF,  1990);  and 
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Appendix  table  4-12. 

Federal  obligations  for  basic  research,  by  science  and  engineering^  -ield:  FYs  1980-91 
I         (page  1  of  3) 


Science  and  engineering  field 

1980 

1981 

1S82 

1983 

1984 

Total,  all  fields  

4,674 

5,041 

5,482 

b,2bU 

7,Ub7 

2.054 

2.224 

2.525 

2.891 

3,288 

Biological  &  agricultural,  total  

.     1 .340 

1,462 

1.675 

1,929 

2,175 

Biological  (excl.  environmental)  .  . 

1.100 

1,202 

1,401 

1,622 

1.836 

Envirorimental  biology  

86 

83 

83 

93 

121 

Agricultural  

154 

177 

190 

A 

21o 

Medical  sciences,  total  

657 

706 

79o 

Q"7n 

1  ,Ul  D 

58 

55 

CO 

58 

yo 

84 

91 

90 

93 

108 

1,221 

1,325 

1,394 

1 .587 

1  ,/28 

Astronomy  

279 

274 

271 

o  c  c 

355 

ooU 

257 

298 

Ol  d 

ob^ 

4Uo 

Physics  

668 

"70C 

/y  1 

ODD 

y<ii 

16 

17 

20 

15 

24 

Environmental  sciences  

522 

533 

520 

con 

580 

bD7 

Atmospheric  science  

179 

174 

163 

173 

192 

Geological  

198 

194 

1 7o 

1  to 

1  yo 

Oceanography  

131 

143 

155 

196 

220 

Other  environmental  sciences  

14 

22 

25 

34 

46 

Mathematics  &  computer  sciences  

116 

140 

A  tic 

165 

2Uo 

Mathematics  

67 

79 

91 

1U1 

114 

Computer  sciences                   .  . 

46 

52 

67 

90 

105 

Ot.ier  math  &  computer  sciences  .  .  . 

3 

9 

7 

1  / 

147 

137 

120 

138 

133 

Anthropology  

14 

13 

13 

1 1 

17 

tconomics  

40 

34 

39 

41 

30 

Political  science  

7 

6 

4 

5 

4 

25 

23 

19 

33 

34 

Other  social  sciences  

60 

61 

45 

48 

48 

64 

65 

56 

73 

69 

ERIC 


1990  1991 

1985  1986  1987         1988         1989         (est.)  (est.) 


Millions  of  current  dollars 


7,819 

8,163 

8,944 

9,474 

10,602 

1 1 .348 

12,255 

O.fOf 

o.oDy 

H.ODH 

d  sn9 

4  Q1R 

*^  9nf^ 

vO 

^i8Q 

c.D  1 0 

0  t^A*^ 
fc.DHO 

0  fl7n 

r  U 

T  10? 

3,291 

3  565 

P  41  «^ 

ill  T  1  \J 

9  fi47 

2,804 

3.040 

1  do 

141 

1 47 

1  ci7 

168 

178 

284 

266 

268 

298 

319 

347 

1.145 

1.197 

1.343 

1.5/3 

1,708 

1.801 

1.906 

1  <iD 

1  1Q 

1  D  1 

f  \j 

in4 

1 1 1 

119 

1  oo 

1 

1  00 

1 47 

1  fin 

1  oo 

187 

9n9 

221 

1.816 

1,914 

2,096 

2.200 

2,506 

2.697 

2.966 

401 

453 

505 

459 

525 

556 

577 

HOO 

Hf  D 

471 

545 

you 

1  nm 
i  ,uuo 

1  n79 

1  9nft 

1 ,520 

1 .699 

'in 
ou 

dO 

f  H 

\}\J 

87 

146 

700 

749 

781 

873 

1.017 

1.184 

1.328 

2uy 

o>in 

Oily* 
<i44 

9fl1 

lift 

O  1  u 

<;bD 

9fi7 

371 

383 

01  Q 

<i<i4 

^DU 

9fiQ 

9Q4 

317 

373 

^1 

1  Q 

1  y 

91 
d  1 

DO 

79 

98 

77 

260 

293 

306 

313 

346 

356 

379 

130 

142 

158 

165 

168 

171 

186 

1  ifi 

1  o 

125 

160 

161 

173 

14 

20 

20 

22 

18 

24 

20 

141 

114 

130 

147 

155 

188 

189 

16 

11 

12 

12 

12 

13 

14 

34 

26 

29 

35 

38 

46 

44 

6 

4 

6 

5 

6 

6 

6 

32 

30 

34 

38 

54 

81 

52 

42 

48 

3 

61 

69 

43 

100 

122 

131 

255 

292 

319 

328 

(continued) 
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Appendix  table  4-12. 

Federal  obligations  for  basic  research,  by  science  and  engineering  field:  FYs 

(page  2  of  3) 


Science  and  erigineering  field  1980         1981         1982  1983 


465 

526 

611 

690 

104 

113 

127 

141 

Astronautical  

27 

33 

45 

50 

Chemical  

26 

31 

35 

50 

Civil   

22 

23 

32 

32 

ElBCtrical   

71 

79 

94 

96 

Mechanical   

42 

47 

53 

61 

Metallurgy  li  materials  

121 

139 

156 

183 

Other  

52 

61 

69 

76 

Total,  all  fields  

.  5.516 

5,409 

5.482 

6,006 

Life  sciences  

2.424 

2,386 

2.526 

2,774 

Biological  &  agricultural,  total  

1 ,581 

1 ,569 

1  ,D7b 

1  .OOU 

Biological  (excl.  environmental)  .  . 

1 ,298 

1,289 

1,401 

1 ,556 

Environmental  biology  

102 

89 

83 

on 

89 

Agricultural  

181 

190 

190 

206 

Medical  sciences,  total  

775 

758 

793 

843 

Other  life  sciences  

68 

59 

58 

80 

Psychology  

99 

98 

90 

1,440 

1,421 

1.394 

1.523 

Astronomy  

330 

294 

271 

340 

303 

320 

312 

347 

789 

789 

791 

820 

Other  physical  sciences  

19 

18 

dO 

1  u 

Environmental  sciences  

616 

572 

520 

557 

Atmospheric  science  

211 

186 

163 

166 

Geological  

234 

208 

178 

171 

Oceanography  

154 

154 

155 

188 

Other  environmental  sciences  

17 

23 

2b 

32 

Matfiematics  &  computer  sciences  

137 

151 

165 

200 

Matliernatics  

79 

85 

91 

97 

55 

56 

67 

87 

Other  math  &  computer  sciences  .  .  . 

4 

10 

7 

16 

1980-91 


1990  1991 


1984 

1985 

1986 

1987 

1988 

1989 

(est.) 

(est.) 

Millions  of  current  dollars  - 

845 

884 

969 

990 

1,006 

1,184 

1.199 

1.253 

226 

192 

226 

237 

231 

328 

337 

299 

52 

42 

53 

A  n 

49 

A  0 

4o 

D4 

Q7 

56 

74 

73 

78 

89 

50 

58 

64 

42 

44 

45 

46 

46 

52 

50 

55 

130 

145 

156 

175 

154 

174 

165 

180 

64 

88 

84 

87 

84 

101 

100 

109 

187 

212 

229 

210 

230 

255 

266 

300 

88 

88 

103 

108 

124 

166 

158 

159 

Millions  of  constant  1982  dollars 

1 

6,532 

7,010 

7,120 

7.578 

7.790 

8,365 

8.608 

8,903 

3,039 

3,395 

3,370 

3,697 

3.702 

3.879 

3.947 

4,060 

2,255 

2.221 

9  4Qfi 

1  .d97 

1.888 

1.879 

<i.0O0 

9  nflQ 

9  1P7 

-4  -1  o 

1  1  d 

113 

110 

1  1  Q 

1  91 

1  OA 

1  97 

1 9Q 

202 

254 

232 

007 

9^^ 

949 

938 

1,027 

1.045 

1,138 

1,293 

1,348 

1.366 

1.385 

90 

113 

104 

128 

60 

82 

84 

86 

H  nn 

119 

116 

1  9^ 
1  ^0 

1 

1  HO 

161 

1 ,597 

1.628 

1.672 

1  77R 

1  Q77 

9  n4fi 

351 

359 

396 

AOJ 

37.7 

414 

422 

419 

373 

381 

378 

377 

387 

398 

404 

396 

852 

861 

876 

QQO 

1  ini 

\ ,  1  uo 

1  914 

22 

27 

22 

00 

00 

uu 

DO/ 

627 

654 

flop 

898 

965 

178 

188 

210 

207 

231 

249 

303 

360 

183 

224 

232 

226 

220 

264 

281 

278 

203 

197 

196 

212 

221 

232 

240 

271 

43 

19 

17 

18 

45 

57 

74 

56 

223 

233 

256 

260 

257 

273 

270 

275 

105 

117 

124 

134 

136 

133 

130 

135 

97 

104 

115 

109 

103 

126 

122 

126 

21 

12 

17 

17 

18 

14 

18 

15 

(continued) 


Appendix  table  4-12. 

Federal  obligations  for  basic  research,  by  science  and  engineering  field:  FYs  1980-91 

%  (page  3  of  3) 


Science  and  engineering  field 

Social  sciences  

Anthropology  

Economics  

Political  science  

Sociology  

Other  social  sciences.  .  .  . 
Other  sciences  

Engineermg  

Aeronautical  

Astronautical   

Chemical  

Civil   

riectnca!  

Mechanical  

M(}tallurgy  &  materials  .  .  .  . 
Other 


1980 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


1988 


1989 


Millions  of  constant  1 982  dollars' 


1990 

(est.) 


1991 

(est.) 


174 

147 

120 

132 

123 

126 

99 

110 

121 

122 

143 

137 

17 

14 

13 

11 

16 

14 

10 

10 

10 

9 

10 

10 

47 

37 

39 

39 

27 

31 

23 

25 

29 

30 

36 

32 

9 

7 

4 

4 

4 

5 

4 

5 

4 

4 

5 

4 

30 

24 

19 

31 

31 

29 

26 

29 

30 

30 

41 

59 

71 

65 

45 

46 

44 

47 

37 

41 

48 

48 

52 

31 

75 

70 

56 

70 

64 

89 

107 

111 

210 

230 

242 

238 

549 

564 

611 

662 

781 

793 

846 

838 

827 

934 

910 

910 

123 

122 

127 

135 

208 

172 

198 

201 

190 

259 

256 

217 

32 

36 

45 

48 

48 

37 

46 

41 

39 

47 

49 

63 

31 

34 

35 

48 

51 

67 

64 

66 

73 

39 

44 

46 

26 

25 

32 

31 

39 

39 

39 

39 

38 

41 

38 

40 

83 

84 

94 

92 

121 

130 

136 

149 

127 

137 

125 

131 

50 

51 

53 

58 

59 

79 

73 

74 

69 

80 

76 

79 

143 

149 

156 

175 

173 

190 

200 

178 

189 

201 

202 

218 

61 

65 

69 

73 

81 

79 

90 

91 

102 

131 

120 

116 

,tp()*'rid!y  t<ibl(?  4  1  for  GNP  implicit  pnco  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 
jOUF^cr  s  Si:pfia;  RL»sQura^s  Studies  Division  (SF^S).  National  Science  Foundation.  Fedt^ral  Funds  for  Researdumd  Development  Detailed  Histoncal  Tables:  Fiscal  Years  1955- 1990  (Washington.  DC;  NSF.  1990):  and 


SMS  1 0(frrjl  f  undti  for  Research  and  Development:  Fiscal  Years  1989.  1990.  and  1991,  NSF  90-327  Final  (Washington.  DC:  NSF.  1991 ). 
Sft'  fiqurt*  4  6 
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Appendix  table  4-13. 

Federal  obligations  for  applied  research,  by  science  and  engineering  field:  FYs  1980-91 

(page  1  of  3) 


Scienc^e  and  «ngineering  lield 


Totali  all  fields 


Life  sciences  

Biological  &  agnculturai.  total  ... 
Bioiogicn!  (excl.  unvironmental) 

f/fivironmental  biology  

AgricuHural  

Medical  sciences,  total  

Other  life;  sciences  


Psychology 


Pfiysicdl  r;cionc«S  

Aslrononiy   

ChL'intstry  

Pfiysicr> 

Ottier  physical  sciences 


l.nvronrnf.^nta!  scu?nces   

AfMior>pheric  science  

(Etiological  

Qcf.'anoqrapliy  

Othfir  onv-ronmRntal  sciences. 


MatlHMiiatics  ^  computer  sciences .  . 

Mat^unnatics  

C3c'Tiputer  sciences  

Other  rmath  &  computer  sciences 


S{jc'«jl  sciofices   

Afithropology.  . 
l  .c  onon)ic.'> 
Political  science.  . 
Sociology  . 

Otiier  social  sciences. 
Other  sciences  


1980 

1981 

1982 

1983 

6.923 

7,172 

7.541 

7.993 

2.138 

2.212 

2.220 

2.287 

1  .1  Do 

A  OAQ 
1 

1   1  07 

1  1 

1  ,  1  JO 

/  Jl 

C7Q 

Do*+ 

AAA 

1  '17 

1  o  / 

1  uu 

1  ni 

017 

1 

880 

904 

980 

1.049 

90 

59 

103 

102 

1  1  D 

1  1  Q 

1  1  O 

1  9Q 

1  Afl 

/oU 

1  1  n7 

1  on/1 

G 

7 

5 

3 

198 

189 

169 

158 

*^1  A 

tin 

noes 

1  nnn 
1  .uuu 

CO 

on 

yu 

1  1  o 

^AA 
1  **** 

739 

588 

628 

671 

231 

200 

263 

288 

ono 
dud 

1  flfl 

1  oU 

1 

1  O  1 

1  J  1 

1  1  Q 

1  1  o 

lU/ 

1  Afl 

1 

Oo 

7Q 

OU 

1  OU 

1  do 

1  OQ 

1  oy 

1  nc; 

d  1 1 

24 

39 

37 

33 

82 

69 

104 

124 

1  o 

1  o 

O  1 

AA 

DD 

377 

361 

266 

298 

3 

2 

2 

2 

153 

173 

118 

125 

5 

5 

3 

7 

46 

42 

33 

35 

170 

140 

110 

130 

286 

314 

231 

247 

1990  1991 

1985  1986  1987         1988       1989        (est.)  ^st.| 

Millions  of  current  dollars 


7.911 

8.315 

8,349 

8.999 

9.176 

10.163 

10.335 

10.965 

2.348 

2.576 

2.606 

2.980 

3.223 

3.579 

3.710 

3.818 

1,150 

1.240 

1.318 

1,488 

1.71(5 

1,917 

1.982 

2.060 

727 

779 

842 

1.041 

1.i^67 

1,336 

1.444 

1,480 

129 

135 

138 

149 

154 

210 

187 

192 

294 

326 

338 

299 

297 

371 

352 

387 

1.098 

1,223 

1,164 

1,324 

1,368 

1.514 

1,572 

1.600 

100 

113 

123 

168 

137 

148 

156 

158 

159 

194 

201 

222 

212 

235 

246 

288 

1.241 

1.231 

1.155 

1,157 

1.118 

1.199 

1,198 

1.225 

3 

14 

15 

18 

12 

17 

25 

23 

203 

225 

229 

235 

232 

278 

307 

288 

915 

856 

803 

781 

770 

795 

767 

780 

120 

135 

108 

122 

103 

108 

100 

134 

619 

704 

733 

731 

734 

756 

920 

1.017 

242 

277 

281 

309 

307 

272 

339 

416 

161 

179 

178 

176 

174 

208 

220 

213 

143 

179 

205 

178 

191 

198 

209 

210 

73 

69 

68 

68 

62 

78 

152 

178 

200 

315 

322 

334 

330 

390 

365 

413 

07 

A'J 

kJC. 

uo 

65 

69 

110 

164 

171 

169 

167 

205 

178 

214 

53 

97 

109 

119 

110 

116 

122 

131 

304 

319 

302 

351 

339 

396 

433 

457 

2 

2 

2 

3 

2 

2 

2 

2 

118 

125 

105 

120 

125 

129 

134 

143 

7 

9 

8 

6 

7 

8 

6 

6 

36 

34 

37 

40 

45 

56 

68 

73 

141 

149 

150 

183 

160 

202 

222 

233 

262 

242 

261 

307 

271 

350 

301 

316 

(continued) 
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Appendix  table  4-13. 

Federal  obligations  for  applied  research,  by  science  and  engineering  field:  FYs  1980-91 

(page  2  of  3) 


Science  and  engineenng  field 

1980 

1981 

1982 

1983 

tngineenng  

2.365 

2.545 

2.776 

2.820 

Aeronautical  

fii  s 

A-itronautical  

275 

271 

246 

271 

Chpinical                       .              .  .  .  . 

70 

116 

60 

95 

CfVil   

137 

136 

17C 

156 

l-!ectrica!   

447 

478 

519 

519 

M(»(:hanical   

166 

157 

148 

206 

MiJtallurgy  &  materials  

115 

118 

153 

150 

Other   

552 

673 

866 

75  i 

Total,  all  fields  

8.170 

7.694 

7.541 

7.669 

Lite  sci(?nc^?l^   

2.523 

2.373 

2.220 

2.194 

Biolorjic.al    aqr  cultural  total  

1 .378 

1 .340 

1.13/ 

1  .uoy 

B;oioqical  (f?xc!  etvironrnentan 

862 

853 

678 

656 

t:  rtvironni  -fUal  Dio'ogy  

169 

147 

100 

97 

Agncultura!  

347 

341 

359 

337 

Medical  sci*'ac(?s  total  

1.038 

970 

980 

1.006 

Othor  !if(?  sciences  

106 

63 

103 

98 

f^'^yctioiocjy  

135 

126 

129 

142 

P-iyMca'  ';c  :(?fictiS   

920 

961 

1.107 

1.251 

A:,trofioniy    .... 

7 

7 

5 

3 

(;iuM'-;^;try   

233 

202 

169 

152 

607 

655 

820 

959 

C;Uu?r  ph^  t  ical  sciences  

73 

96 

113 

138 

r  iM/ifonnu?rit.lt  r>Ci(}'H:f.»s   

872 

631 

628 

644 

Atn!OSph(»rn:  SlMe-'flCO  

272 

214 

263 

276 

(^u'Qlocjicai   

240 

217 

180 

149 

r>  f'Hno(Ktipf)y   

155 

127 

107 

142 

{)\Uvr  (:?nv:a)nm(Hitai  scioncus. 

205 

73 

79 

77 

Mat^-^'f'^fitics    cofnfjuter  sciences      .  . 

147 

149 

185 

203 

N'lal^'f'HMtic^   

28 

41 

37 

31 

( /Of^HUitt?^  science^'   

97 

74 

104 

119 

UWn-f  'rialfi  ^  computer  sciefices 

21 

33 

44 

52 

o  -? 

ERIC 


1984  1985  1986 


1987 


—  / 
1988  1989 


T990  1991 
(est.)  (est.) 


Millions  of  current  dollars 


2.779 

2733 

2.770 

2,917 

2,950 

3.258 

3,162 

3,431 

635 

547 

549 

0/  J 

0/1 

uoy 

797 

777 
III 

344 

383 

474 

576 

527 

619 

548 

716 

89 

180 

173 

138 

169 

92 

95 

98 

161 

173 

158 

159 

160 

178 

185 

195 

500 

482 

518 

611 

577 

669 

535 

536 

126 

179 

153 

146 

157 

157 

163 

179 

154 

227 

217 

152 

227 

266 

254 

299 

770 

563 

529 

562 

553 

619 

656 

631 

Millions  of  constant  1982  dollars' 

7.312 

7.455 

7.291 

7.624 

7.545 

8.019 

7.840 

7.965 

9  171 

?  '^1  n 

c.,Dc.D 

9  fl94 

2,814 

2.774 

1.063 

1.112 

1,151 

1  !Pfi1 

1 .413 

1 .51 3 

1 .504 

1 .496 

672 

699 

735 

1  nd9 

1 .054 

1 .095 

1 .075 

119 

121 

121 

1  97 

1  fifi 

1  uu 

142 

139 

272 

292 

295 

253 

244 

293 

267 

281 

1.014 

1.097 

1.016 

1.122 

1.125 

1.195 

1.192 

1,162 

93 

101 

108 

1 49 

1  *Tt 

1 1  ^ 

1 1 7 

1 1 8 

1 15 

147 

174 

176 

1 RR 

1  74 
1  /  *+ 

1 

1fl7 

209 

1.147 

1.104 

1.008 

980 

919 

946 

909 

890 

2 

13 

13 

15 

10 

13 

19 

17 

188 

202 

200 

1  Q1 

PI  Q 

233 

209 

846 

768 

701 

627 

532 

567 

111 

121 

94 

R<^ 

76 

97 

572 

631 

640 

619 

604 

596 

698 

739 

224 

248 

245 

262 

252 

215 

257 

302 

149 

160 

156 

149 

143 

164 

167 

155 

133 

161 

179 

150 

157 

156 

159 

153 

67 

62 

59 

58 

51 

62 

115 

11^9 

184 

282 

281 

283 

271 

308 

277 

300 

34 

48 

37 

39 

43 

54 

49 

50 

101 

147 

149 

143 

137 

162 

135 

155 

49 

87 

95 

101 

90 

92 

93 

95 

(continued) 
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Appendix  table  4-13. 

Federal  obligations  for  applied  research,  by  science  and  engineering  field:  FYs  1&80-91 

(page  3  of  3) 


Rripnrp  and  enaineerina  field 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

198? 

1988 

1989 

1  QQn 

1  yyu 
(est.) 

1  QQ1 

(est.) 

Millions  of  constant  1 982  dollars' 

  444 

387 

266 

285 

281 

286 

264 

97Q 

O  1  d 

  3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

Economics  

  180 

185 

118 

120 

109 

112 

92 

101 

103 

102 

102 

104 

6 

5 

3 

6 

6 

8 

7 

5 

6 

6 

5 

4 

  54 

45 

33 

34 

34 

30 

32 

34 

37 

44 

52 

53 

Othf*r  social  sciences   

  201 

150 

110 

125 

131 

134 

131 

155 

132 

159 

168 

169 

  337 

336 

231 

237 

242 

217 

228 

260 

223 

276 

228 

230 

  2.791 

2.731 

2.776 

2.713 

2.569 

2.451 

2.419 

2.471 

2.426 

2.571 

2,399 

2,492 

  713 

640 

615 

652 

587 

490 

480 

485 

^  470 

520 

551 

564 

  325 

291 

246 

260 

318 

344 

414 

488 

433 

488 

416 

520 

  83 

125 

60 

91 

82 

161 

151 

117 

139 

73 

72 

71 

CmI  

  161 

146 

170 

150 

149 

155 

138 

134 

139 

140 

140 

142 

  527 

513 

519 

498 

462 

432 

452 

518 

474 

528 

406 

389 

  196 

169 

148 

197 

117 

160 

134 

124 

129 

124 

124 

130 

  135 

126 

153 

144 

142 

204 

189 

129 

187 

210 

193 

217 

rather  

  651 

722 

866 

721 

712 

505 

462 

476 

455 

488 

498 

458 

Sf.M*  .ippt'f^dix  t.ihk?  4  1  for  GNP  imphctt  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars, 

sr)UFK;rs  Scit.Micr.  IHf  sourtif.'s  Studujs  Divir.ion  (SRS).  NHlior^al  Science  Foundation.  Federal  Funds  for  Rese.irch  and  Development  Detailed  Historical  Tables:  Fiscal  Years  1955-1990  (Washington,  DC:  NSF.  1990):  and 
SF^S  hKirr^il  Funds  for  Research  and  Development:  Fiscal  Years  1989,  1990.  and  1991,  NSF  90-327.  Final  (Washington.  DC:  NSF.  1991 ). 

,       .  ^  Science  &  Engineering  Indicators  -1991 
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Appendix  table  4-1 4, 

Small  Business  Innovation  Research  (3BIR)  awards,  by  award  type  and  selected  agency:  FYs  1983-89 


Award  type  and  agency  1 983  ;I984  1985  1986  1 987  1988  1989 

  Millions  of  current  dollars 

Tolal^   45  108  199  298  351  389  432 

By  type 

Phase  I  awards   45  48  69  99  110  102  108 

Phase  II  awards   0  60  130  199  241  285  322 

By  agency 

Dept.  of  Agriculture   1  2  3  4  4  4  4 

Dept.  of  Commerce   0  0  0  1  2  1  1 

Dept.  of  Defense   20  45  78  151  194  208  233 

Dept.  of  Education   *  1  1  2  2  2  2 

Dept.  of  Energy   5  16  26  29  28  30  33 

Dept.  of  Health  &  Human  Services   7  23  45  57  67  73  79 

Dept.  of  the  Interior   *  1  '  0  0  0  0 

Dept.  of  Transportation   *  2  3  4  3  3  4 

Environmental  Protection  Agency   *  1  2  3  3  3  3 

Nan  Aeronautics  &  Space  Admin   5  13  29  36  32  47  52 

National  Science  Foundation   5  7  10  15  17  17  19 

Nuclear  Regulatory  Commission   *  1  1  1  1  1  1 

Millions  of  constant  1 982  dollars' 

Total'   43  100  178  260  297  320  341 

By  type 

Phase  I  awards   43  44  62  86  93  84  85 

Phase  II  awards   0  56  ^17  174  204  234  254 

By  agency 

Dept.  of  Agriculture   1  2  3  3  3  3  3 

Depl,  of  Commerce   0  0  0  1  1  1  1 

Dept.  of  Defense   19  41  70  132  164  171  184 

Depl.  of  Education   *  1  1  1  1  1  2 

Depl.  of  Energy   5  15  23  25  24  25  26 

Depl.  of  Health  &  Human  Services   7  21  40  50  57  60  63 

Depl.  of  the  Interior   *  1  *  0  0  0  0 

Depl.  of  Transportation   *  2  3  3  2  3  3 

Environmental  Protection  Agency   *  1  2  2  3  2  2 

Nan  Aeronautics  &  Space  Admin   5  12  26  31  27  39  41 

National  Science  Foundation   5  6  9  13  14  14  15 

Nuclear  Regulatory  Commission   *  1  1  1  1  [  

•  -  less  than  $500,000 

'Totals  are  SBIR  award  obligations  that  include  award  modifications.  The  details  by  type  of  award  and  agency  do  not  necessarily  contain  subsequent  year 
revisions  and  may  not  sum  to  totals. 

•See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars 

SOURCE:  Office  of  Innovation.  Research,  and  Technology.  Small  Business  Administraiion.  Small  Business  Innovation  Development  Act  (Washington. 
DC:  SBA.  ongoing  series). 

See  figure  4-7.  Science  &  Engineering  Indicators  -1991 
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Appendix  A.  Appendix  Tables 


Appendix  table  4-15. 

Small  Business  Innovation  Research  (SBIR)  awards,  by  technology  area  and  selected  agency: 
FYs  1983-89  (cumulative) 

Dept.  of        Nat  l  Aero  National 
Dept.  of         Dept.  of         Health  &         &  Space  Science 
Tv.u;nology  area'  Total  Defense         Energy       Human  Svcs       Admin.        Foundation  Other 

Percent 

Total  (1983-89)   100  100  100  100  100  100  100 

Computer,  information.  &  analysis   22  26  10                15  26  18  19 

Electronics   21  27  18                 7  20  16  12 

Materials   16  18  25                 6  15  24  14 

Mechanics  of  vehicles  &  facilities   7  10  4                 1  12  4  4 

Energy  conservation  and  use   12  10  28                 3  15  10  6 

Environmental  &  natural  resources   7  5  10                 4  7  13  20 

Life  sciences   16  4  4               64  4  15  25 

Millions  of  current  dollars 

Total  (1983-89)   2.885  1.389  337  513  371  136  139 

DfsUfbutions  are  based  on  the  cumulative  1983-89  value  of  awards,  not  on  the  number  ol  awards  granted.  Within  each  of  the  broad  technology  areas  listed.  SBIR 
awards  are  assigned  to  more  specific  technology  areas,  including  multiple  technology  areas.  Therefore,  the  percentage  distributions  include  overcounting 
of  awards  assigned  to  multiple  technology  areas 

Includes  Departments  of  Agriculture.  Commerce.  Education,  and  Transportation,  the  Environmental  Protection  Agency,  and  the  Nuclear  Regulatory  Commission. 

SOURCE:  Office  of  Innovation.  Research,  and  Technology.  Small  Business  Administration.  Small  Business  Innovation  Development  Act:  Seventh  Year  Results 
(Washington.  DC:  SBA.  1990). 

Science  &  Engineering  Indicators  -1991 
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Appendix  table  4-16. 

Annual  aggregate  data  on  independent  research  and  development  (IR&D):  FYs  1976-89 


1976 
1977 
1978 
1979 

1980 
1981 
1982 
1983 
1984 

1985 
1986 
1987 
1988 
1989 

1976 
1977 
1978 
1979 

1980 
1981 
1982 
1983 
1984 

1985 
1986 
1987 
1988 
1989 


Independent  research  and  development 

IR&D  as  a  percentage  of 

Accepted  by  Government  IR&D  program 

Not 

DOD  and  NASA 

DOD  and 

DOD  and  NASA 

Incurred 

accepted 

R&D  obligations 

NASA  R&D 

R&D  performed 

by 

Total 

DOD 

NASA 

Not 

under  IR&D 

Total  tn 

total 

by  industry-' 

industry 

accepted 

share 

share 

reimbursed 

program 

Total 

inriustrv' 

(a) 

(b) 

Millions  of  current  dollars 

Percent 

1  QQQ 

1  .UDl 

41 

476 

327 

13.102 

8.143 

4.5 

7.2 

1.560 

1,199 

598 

46 

555 

361 

14.134 

9.109 

4.6 

7.1 

1.788 

1.365 

643 

49 

673 

423 

14.887 

9.458 

4.6 

7.3 

2,104 

1.517 

708 

54 

755 

587 

16.084 

10.079 

4.7 

7.6 

2,373 

1.728 

812 

57 

859 

645 

17,215 

11.038 

5.0 

7.9 

1  .Ubo 

66 

917 

757 

20.102 

13.028 

5.6 

8.6 

3.654 

2,821 

1,338 

67 

1,416 

833 

23,701 

15.375 

5,9 

9.1 

4,017 

2.961 

1,601 

78 

1,282 

1.056 

25,654 

15.700 

6.5 

10.7 

5,173 

3,897 

1.884 

86 

1,927 

1.276 

28.195 

17.340 

7.0 

11.4 

5.036 

3,500 

2.099 

88 

1.313 

1.536 

33,1 19 

20.645 

6.6 

10.6 

o,U4<: 

o,bo/ 

2.198 

77 

1.262 

1.505 

36.358 

23.232 

6.3 

9.8 

4,885 

3.544 

2.186 

67 

1,291 

1,341 

39,019 

25,721 

5.8 

8.8 

4,825 

3.694 

2,181 

89 

1,424 

1,131 

39.746 

25.572 

5.7 

8.9 

4,831 

3,770 

2,226 

105 

1.439 

1.061 

42.970 

27,469 

5.4 

8.5 

Millions  of  constant  1 982  dollars' 

1  ,/uy 

876 

66 

767 

527 

21.104 

13.116 

2,327 

1.789 

892 

69 

828 

539 

21,086 

13.589 

2,493 

1,903 

897 

68 

938 

590 

20.757 

13,188 

2,701 

1.947 

909 

69 

969 

754 

20.649 

12,939 

2.800 

2.039 

958 

67 

1.014 

761 

20.315 

13.025 

3,000 

2.188 

1,133 

71 

984 

812 

21,567 

13.977 

3,654 

2.821 

1.338 

67 

1,416 

833 

23.701 

15,375 

3,854 

2.841 

1,536 

75 

1.230 

1,013 

24,613 

15.063 

4.781 

3.602 

1,741 

79 

1.781 

1,179 

26,060 

16.027 

4,515 

3,138 

1,882 

79 

1,177 

1,377 

29.694 

18.510 

4.403 

3,089 

1,919 

67 

1.102 

1.314 

31,751 

20,288 

4,139 

3,003 

1,852 

57 

1,094 

1.136 

33,057 

21.792 

3.967 

3.037 

1.793 

73 

1.171 

930 

32,681 

21.027 

3.812 

2,975 

1,756 

83 

1,135 

837 

33,904 

21,673 

NOTE:  DOD  =  Department  of  Defense;  NASA  =  National  Aeronautics  and  Space  Administration. 

'Includes  R&D  performed  by  federallv  funded  research  and  development  centers  administered  by  the  industrial  sector. 

Percentages  calculated  as  follows:  numerator  in  (a)  is  total  DOD  and  NASA  IR&D  reimbur*^ements.  and  denominator  is  total  DOD  and  NASA  R&D.  excluding  IR&D; 
numerator  in  (b)  is  total  DOD  and  NASA  IR&O  reimbursements,  and  denominator  is  DOD  anJ  NASA  R&D  performed  by  industry,  excluding  IR&D. 

'See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollc.fs  to  constant  1982  dollars. 

SOURCES:  Defense  Contract  Audit  Agency.  Summary  of  independent  Research  and  Development  and  Bid  and  Proposal  Cost  Incurred  by  Major  Defense 
Contractors  (Washington.  DC:  DCAA.  ongoing  series);  NASA,  unpublished  tabulations;  Science  Resources  Studies  Division  (SRS),  National  Science  Foundation. 
Federal  Funds  for  Research  and  Development.  Detailed  Historical  Tables:  Fiscal  Years  1955-1990  (Washington.  DC  NSF.  1990):  and  SRS.  Selected  DMa  on 
Federal  Funds  for  Research  and  Development:  Fiscal  Years  1989.  1990.  and  1991,  NSF  90-327(Washington.  DC:  NSF.  December  1990). 

See  figure  4-8.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  4-17. 

Federal  /t&D  funding,  by  budget  function:  FYs  1978-92 


1991  1992 

Function  1978      1979       1980      1981      1982      1983      1984      1985      1986      1987      1988      1989      1990      (est.)  (est.) 


Millions  of  current  dollars 


Tntal 

25,976 

28,208 

29,739 

33,735 

36,1 15 

38.768 

44,214 

49,887 

53.249 

57.069 

59.106 

62.115 

63.781 

64,123 

72,057 

1  9  nQQ 

1  T  7Q1 

14  Q4R 

ifl  4n 

99  070 

94  Q^R 

99  987 

33  698 

36,926 

39,152 

40.099 

40,665 

39,925 

37,788 

43,247 

T  401 

0,*tU  I 

RQ4 

T  R71 

RRQ 

4,298 

4.779 

5,418 

5,565 

6.556 

7.076 

7,773 

8,308 

9.086 

9.649 

O.  1  ou 

3,1 1 1 

9  5?^4 

2.1 34 

2.300 

2,725 

2,894 

3,398 

3.683 

4,555 

5.765 

6,428 

7,656 

OUilryldl  oLItJllLc  

1  n^in 

1  1 1Q 

1  9T^ 

1  ^40 

1 ,359 

1,502 

1.676 

1,862 

1.873 

2,042 

2,160 

2,373 

2,410 

2,632 

2,962 

C.     ti m 1 1 

T  1  ^^4 

T  4R1 

T  Rm 

T  501 

T  019 

2,581 

2.389 

2.286 

2,053 

2.126 

2,419 

2,715 

2,885 

2.920 

1  nin 

QQQ 

1  on 

QR5 

Q59 

963 

1 ,059 

1 .062 

1.133 

1.160 

1,255 

1,386 

1.553 

1 .602 

768 

798 

887 

869 

791 

876 

1.040 

1,030 

917 

908 

896 

1.064 

1.045 

1,251 

1.380 

501 

552 

585 

659 

693 

745 

762 

836 

815 

822 

882 

907 

950 

1,049 

1.091 

Education,  training,  employment, 

and  social  services  

345 

354 

468 

298 

228 

189 

200 

220 

248 

267 

285 

347 

374 

470 

510 

IntBrnational  affairs  

57 

117 

125 

160 

165 

177 

192 

210 

211 

223 

224 

279 

375 

385 

413 

111 

1 

1  OR 

14T 

1  09 

157 

218 

193 

183 

215 

195 

912 

916 

919 

219 

Commerce  and  housing  credit  

77 

1  ni 

1  U  1 

1  OR 

1  04 
1  UH 

107 

110 

114 

111 

110 

192 

128 

140 

175 

200 

Q9 

1  97 

1  1Q 

104 

44 

46 

50 

88 

99 

108 

74 

78 

97 

102 

AA 

47 

A^ 

^4 

T1 

O  1 

37 

24 

47 

41 

49 

51 

45 

44 

47 

53 

R7 

1^7 
D  f 

47 

4T 

HO 

^9 
o^ 

32 

26 

21 

14 

25 

23 

27 

33 

40 

35 

on 

9T 

00 

99 

1 0 

6 

8 

17 

14 

17 

17 

15 

17 

18 

18 

Millions  of  constant  1 

982  dollars' 

r^fi  91  Q 

36  91 9 

35  094 

36.194 

36,1 15 

37.194 

40.866 

44,728 

46,502 

48,350 

48.600 

49,009 

48.383 

46.582 

50,289 

1 7  Qfl*^ 

17  704 

17  R^7 

1  Q  7^^ 

99  070 

23.923 

27.070 

30.213 

32.247 

33.170 

32.971 

32,085 

30,286 

27,451 

30,182 

4  nfl 

4  ^RR 

4  T^Q 

^»  1  uo 

'\  MRQ 

4,123 

4.417 

4,858 

4,860 

5.554 

5.818 

6.133 

6,302 

6.600 

6,734 

4  nofl 

4  n9R 

T  9T1 

OtOOO 

2,584 

2,047 

2,126 

2.443 

2,527 

2,879 

3,028 

3.594 

4,373 

4.670 

5.343 

1  4R4 

1  4^7 

1 ,455 

1 .438 

1.359 

1,441 

1.549 

1,669 

1,636 

1,730 

1.776 

1.872 

1.828 

1.912 

2,067 

4  ^70 

4  44T 

4  9*^9 

T  75fi 

3,01 2 

2,473 

2.386 

2,142 

1.996 

1,739 

1.748 

1,909 

2,060 

2,096 

2.038 

1  of^n 

1  9Q7 

1  17Q 

1  nfl 

QR5 

913 

890 

949 

927 

960 

954 

990 

1.051 

1.128 

1.118 

1.071 

1.024 

1.047 

932 

791 

840 

961 

923 

801 

769 

737 

840 

793 

909 

963 

Agriculture  

699 

709 

690 

1^1 

693 

715 

704 

750 

712 

696 

725 

716 

721 

762 

761 

Lducation.  training,  employment. 

356 

481 

454 

552 

320 

228 

181 

185 

197 

217 

226 

234 

274 

284 

341 

79 

150 

148 

172 

165 

170 

177 

188 

184 

189 

184 

220 

284 

280 

288 

VetL^rans  benefits  and  servlce.s  

155 

158 

149 

153 

139 

151 

201 

173 

160 

182 

160 

167 

164 

159 

153 

Coniinerce  and  housing  cred.t  

107 

119 

119 

114 

104 

103 

102 

102 

97 

93 

100 

101 

106 

127 

140 

Community  and  regional  development  

128 

163 

140 

112 

63 

42 

43 

45 

77 

84 

89 

58 

59 

70 

71 

61 

60 

53 

36 

31 

35 

22 

42 

36 

42 

42 

36 

33 

34 

37 

93 

73 

55 

46 

32 

31 

24 

19 

12 

21 

19 

21 

25 

29 

24 

GtM^eral  government  

28 

30 

26 

24 

10 

6 

7 

15 

12 

14 

14 

12 

13 

13 

13 

NOTLS  U.»ta  for  1978  90  are  actual  budget  authority  Data  for  1991  and  1992  are  estimates  based  on  the  FY  1992  budget.  Budget  obligations  for  1955-77  are  available  from  the  source  document  listed  below.  ^  y 

Sof?  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars,  O  > 

sSOlJfcr  Science  Resource  Studies  Divisiofi.  National  Science  Foundation,  Selected  Data  on  Federal  R&D  Funding  by  Budget  Function:  Fiscal  Years  l990  92MS}i^  90-319  (Washington.  DC:  NSF.  1991). 
See  figurub  4  9  and  4  1 0  Science  &  Engineering  Indicators  -  1991 


Appendix  table  4-18. 

Federal  basic  research  funding,  by  budget  function:  FYs  1978-92 


Function 


Total 


Health  

General  science  

Space  research  and  technology  

National  defense  

Energy  

Agriculture  

Natural  resources  and  environment. .  . 

Transportation  

Education,  training,  employment, 

and  social  services  

Commerce  and  housing  credit  

Veterans  benefits  and  services  

Administration  of  justice   

Community  and  regional  development. 

General  government  

International  affairs  

Income  security  


Total 


Health  

General  science  

Space  research  and  technology  

National  defense  

Energy  

Agriculture  

Natural  resources  and  environment.  .  . 

Transportation  

Education,  training,  employment, 

and  social  services  

Commerce  and  housing  credit  

Veterans  henefits  and  services.  .  .  .  ■ 

Administration  of  justice  

Community  and  reg'onal  development. 

General  government  

International  affairs  

Income  security  


1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 
(est.) 

1992 
(est.) 

Millions  of  current  dollars 

3,665 

A    H  AO 

4,10o 

4,71b 

0, 1  u/ 

D,oUD 

7,072 

7,810 

8,193 

9  021 

9,553 

10,648 

11,288 

12,330 

13,294 

1 ,24b 

1  ,o7y 

1  ,/D  1 

1  QC1 

1  ,yo  1 

1  ,%^00 

2,813 

3.243 

3.324 

3,851 

4,087 

4.413 

4,661 

5,101 

5.477 

962 

1 ,02b 

■i  -i  Co 
1 ,1  Od 

1  ,<:ob 

1  ,*}oy 

1,606 

1,779 

1,795 

1  942 

2,061 

2,265 

2,306 

2,517 

2,826 

412 

440 

482 

445 

434 

501 

646 

498 

737 

843 

944 

1,099 

1,389 

1,453 

1,696 

320 

365 

552 

610 

696 

788 

845 

856 

960 

900 

905 

965 

964 

1,024 

1,041 

157 

1 72 

200 

oRn 
<ipu 

Q9n 

365 

428 

456 

S11 

571 

703 

761 

913 

870 

197 

222 

246 

353 

406 

390 

428 

433 

456 

495 

532 

207 

131 

lob 

1  ol 

1  oy 

1  ^R 

192 

206 

204 

210 

331 

336 

392 

386 

—fr\ 

70 

fO 

oy 

1 09 
1 

117 

125 

255 

184 

231 

197 

287 

242 

245 

264 

57 

59 

61 

bb 

7Q 

/  o 

7n 

77 

86 

83 

7fi 

83 

92 

106 

119 

127 

9 

10 

15 

■1  7 
1  / 

1  7 
1  / 

1 Q 

20 

23 

26 

26 

28 

29 

31 

31 

34 

9 

10 

14 

15 

13 

14 

15 

15 

15 

17 

17 

16 

16 

16 

16 

10 

10 

9 

5 

4 

4 

5 

4 

5 

8 

8 

7 

9 

6 

6 

8 

8 

8 

c 
0 

7 

6 

5 

6 

6 

4 

7 

3 

3 

5 

5 

0 

* 

* 

3 

2 

3 

3 

4 

5 

4 

5 

3 

3 

4 

4 

* 

0 

0 

12 

10 

10 

3 

4 

5 

3 

3 

3 

4 

9 

10 

2 

1 

1 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Millions  of  constant  1982  dollars^ 

5,110 

5,274 

5.565 

5,479 

5,305 

5,993 

6,537 

7,002 

7,155 

7,643 

7.855 

8,401 

8,563 

8,957 

9,278 

1.737 
1.341 
574 
446 
219 
275 
289 
98 

79 
13 
13 
14 
11 
0 


2.027 
1.317 
565 
469 
221 
285 
168 
96 

76 

13 

13 

13 

10 
* 

0 

1 


2.078 
1,359 
569 
651 
236 
290 
160 
93 

72 

18 

17 

11 

9 
* 

0 
1 


2.093 
1,348 
477 
654 
236 
301 
141 
95 

71 
18 
16 
5 
5 
3 
13 
3 


1.953 
1,296 
434 
696 
260 
295 
139 
102 

78 
17 
13 
4 
7 
2 

10 

0 


2.374 
1,381 
481 
756 
307 
313 
150 
112 

67 
18 
13 
4 
6 
3 
10 
0 


2.600 
1.484 
597 
781 
337 
326 
177 
116 

71 
18 
14 
5 
5 
3 
3 
0 


2,908 
1,595 
447 
767 
384 
364 
185 
229 

77 
21 
13 
4 
5 
4 
4 
0 


2.903 
1,568 
644 
838 
398 
341 
178 
161 

72 
23 
13 
4 
5 
4 
4 
0 


3.263 
1,645 
714 
762 
433 
336 
175 
196 

66 
22 
14 
7 
3 
3 
3 
0 


3.361 
1,695 
776 
744 
470 
352 
173 
162 

68 
23 
14 
7 
6 
4 
2 
0 


3,482 
1,7R7 
867 
761 
555 
342 
261 
226 

73 
23 
13 
6 
2 
2 
2 
0 


3,536 
1,749 
1,054 
731 
577 
346 
255 
184 

80 
24 
12 
7 
2 
2 
3 
0 


3,706 
1,828 
1,056 
744 
663 
360 
285 
178 

86 
23 
12 
4 
4 
3 
7 
0 


3.822 
1,972 
1,184 
727 
607 
371 
269 
184 

89 
24 
11 
4 
3 
3 
7 
0 


ERIC 


•    If-;:,  than  5500.000 

mif.S  Oah  for  1978  00  are  actual  budget  authority.  Data  for  1991  and  1992  are  estimates  based  on  the  FY  1992  budget.  Budget  obligations  for  1955-77  are  available  from  the  source  document  listed  below. 
Ui'.p  .ipDijndij  tabio  4  1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOtJf^cr  Scienco  Resource  Studies  Division.  National  Science  Foundation.  Selected  Data  on  Fede  al  R&D  Funding  by  Budget  Function:  Fiscal  Years  1990  92.  NSF  90-319  (Washington.  DC:  NSF.  1991). 

Science  &  Engineering  Indicators  -  1991 

Sou  finure  4  10. 

3Sr.  3S7 


II 

I! 


;  I 


332  Appendix  A.  Appendix  Tables 

Appendix  table  4-19. 

National  support  for  health  R&D,  by  performer  and  source  ot  funds:  1979-91 


1990  1991 

Sector  1979     1980    1981      1982      1983      1984    1985     1986      1987     1988     1989    (est.)  (est.) 


Millions  of  current  dollars 

Total   7,150  7,953    8,723     9,548    10,753  12,143  13,512   14,832    16.868  18,905  20,900  22,584  24,542 


Source  of  funds 


Government   4.786  5,203  5,413  5,612  6,117  6,886  7,675  7,930  9.037  9,721  10,695  11,373  12.013 

Federal   4,321  4,723  4,848  4.97G  5.399  6,087  6,791  6.895  7.847  8.425  9.230  9.856  10.383 

NafllnstittJtes  of  Health  ...  .  2.953  3.182  3,333  3,433  3,789  4,257  4,828  5,005  5,852  6,292  6.778  7.141  7.472 

State  and  local   465  480  564  642  718  799  884  1,034  1,191  1.295  1.465   1.517  1.630 

Industry   2.093  2,459  2,998  3,593  4.205  4.765  5,352  6,188  7,103  8,432  9,404  10,368  11.619 

Private  nonprofit   271  292  312  343  431  491  486  715  728  753  801      843  910 

Howard  Hughes  Med.  Insf  .  .  17  18  20  25  54  79  51  247  183  179  197     215  246 


Performer 


Government   1.309  1.487  1.575  1.668  1,813  1.996  2.139  2.153  2.387  2.588  2.853  3.016  3.178 

Federal   1.120  1.284  1,364  1,448  1.577  1,741  1,869  1.847  2,042  2,213  2,432  2.574  2.706 

State  and  local   189  203  211  221  236  255  270  306  346  375  421  442  472 

Industry   1.932  2,249  2,659  3.161  3.668  4.216  4,660  5.293  6.015  6.927  7.850  8.595  9.578 

Higher  education    2.818  2.998  3,204  3.362  3,769  4,268  4,823  5.281  6.011  6.519  7.178  7.663  8.168 

Private  nonprofit'   688  720  744  767  874  968  1,087  1,130  1,330  1,431  1,564  1,672  1.775 

Foreign   403  499  542  591  630  696  803  975  1,138  1.441  1.456  1.639  1.844 


Biomedical  R&D  price  index  .  .   0.768  0.840    0.921     1.000     1.060    1.121     1.178     1.227     1.294     1.359    1.429   1.512  1.603 


Millions  of  constant  1982  dollars 

Total   9.315   9.473    9.469     9.548    10.147  10.833  11.471    12.090    13.041    13.915  14.623  14.935  15.313 


Source  of  funds 


Government   6.235  6.197  5,875  5,612  5.772  6,143  6.516  6.464  6.986  7,155  7,483  7,521  7.495 

Federal   5,630  5,625  5,263  4,970  5.095  5.430  5.765  5.621  6.066  6.201  6.458  6,518  6.478 

Nat  l  Institutes  of  Health  ...  .  3.847  3.790  3.618  3,433  3,576  3.798  4,099  4,080  4,524  4.631  4,742  4.722  4.662 

Slate  and  local   605  572  612  642  678  713  750  843  921  953  1.025  1.003  1.017 

Industry   2.727  2.928  3.254  3.593  3,968  4,251  4,544  5,044  5,491  6,206  6,579  6,856  7,250 

Private  nonprofit   354  347  339  343  407  438  412  583  563  554  560  557  568 

Howard  Hughes  Med.  Inst.  .  .  22  21  22  25  51  70  43  201  141  132  138  142  153 


Performer 


Government   1.705  1,772  1.709  1.668  1.711  1,781  1,816  1,755  1,845  1,905  1,996  1,994  1,983 

Federal   1,459  1,530  1.480  1,448  1,488  1,553  1.587  1,506  1,579  1,629  1,701  1,702  1.688 

State  and  local   246  242  229  221  222  227  229  249  267  276  295  292  295 

Industry   2,517  2,679  2.886  3.161  3,461  3,761  3,956  4,314  4,650  5.099  5,492  5,584  5,976 

Higher  education'   3,671  3,57.  3,478  3,362  3,557  3,808  4.095  4.305  4,647  4.798  5,022  5,067  5,096 

Private  nonprofit'   896  857  808  767  824  864  922  921  1,028  1,053  1,094  1.106  1.108 

Foreign   525  594  588  591  595  621  682  795  880  1.061  1.019  1,084  1.151 


Tor  Howard  Hughes  Medical  Institute,  figures  are  for  the  direct  conduct  of  biomedical  research  and  exclude  support  for  scientific  career  development.  Figures  tor 
1985  include  only  8  months  of  operations  because  of  change  in  fiscal  year. 

Includes  expenditures  for  federally  funded  research  and  development  centers  administered  by  organizations  In  the  respective  sectors. 
The  biomedical  R&D  pnce  index  used  here  differs  from  the  GNP  implicit  price  deflator  detailed  in  appendix  table  4-1. 
SOURCE.  National  Institutes  of  Health,  NIH  Data  Book  (Betnesda,  MD:  NIH.  annual  series). 
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Appendix  table  4-20. 

Public  and  private  R&D  expenditures  for  health  and  agriculture:  selected  years,  1960-89 


National  support  for  health-related  R&D 


Public  funds  Private  funds  pg^p  Public  funds  Private  funds 

Total      Federal      Slate^     Industry    Nonprofit     deflator        Total        Federal       State       Industry  Nonprofit 


Millions  of  dollars  Millions  of  constant  1 980  dollars 

1960   886  448  46  253  139  0.3-r54  2.565  1.297  133  732  402 

1965   1.890  1.174  90  450  176  0.3901  4.845  3.009  231  1,154  451 

1970   2,847  1.667  170  795  215  0.4948  5,754  3,369  344  1.607  435 

1975   4.701  2.832  286  1,319  264  0.6779  6.935  4,178  422  1.946  389 

1980   7,953  4,723  480  2.459  292  1.0000  7.953  4.723  480  2.459  292 

1985   13.513  6.791  884  5,352  48^.  1.4029  9.632  4.840  630  3.815  346 

1989   20.900  9,230  1,465  9.404  801  1  7022  12,278  5.422  861  5.525  471 


National  performance  of  food  and  agriculture  R&D 


Agriculture  ,  , 

Public  '"dustry  Public  '"^"^'^ 

Total        research'       Input'         Food        deflator^         Total  research'        Input  Food 


f^illions  of  dollars  Millions  of  constant  1980  dollars 

1960   435  217  126  92  0.3303  1.317  657  381  279 

1965   669  346  192  131  0.4043  1,655  856  475  324 

1970   997  505  286  206  0.5430  1,836  930  527  379 

1975   1.475  749  453  273  0.7326  2,013  1.022  618  373 

1980   2.632  1.186  938  508  1.0000  2.632  1.186  938  508 

1985   4,029  1,664  1.370  995  1.4078  2.862  1.182  973  707 

1989   4,836  2.089  1,625  1.122  1.5213  3.179  1,373  1.068  738 


'Includes  state  and  local  government  funds. 

•Index  IS  the  National  Institutes  of  Health  biomedical  research  and  development  pnce  index.  Base  year  s=  1980. 

'Public  sector  performers,  including  state  agricultural  experiment  stations  (SAES)  affiliated  with  land-grant  universities,  receive  95  percent  o'  their  funds  from  public 
sector  sources.  Private  sector  performers,  including  private  research  firms,  receive  more  than  95  percent  of  their  funds  from  pnvate  sector  sotjrces. 

'Includes  research  conducted  by  the  Department  of  Agricullu!  .  '^  {USD A  s)  Agricultural  Research  Service  and  Economic  Research  Service,  and  research  conducted 
at  all  SAES  using  both  Federal  and  non-Federal  (primarily  state  government)  funds. 

'Includes  R&D  performed  by  agricultural  input  industries:  agricultural  chemicals,  farm  machinery,  seeds,  veterinary  medicine,  and  agricultural  biotechnology. 

'Index  for  1960-85  is  an  index  specific  to  agriculture  R&D  developed  by  Pardey.  Craig,  and  Hallaway.  Index  number  for  1989  is  based  on  the  historical  relationship 
between  the  Pardey  index  and  the  GNP  implicit  price  deflator.  Base  year  =  1980. 

SOURCES:  National  Institutes  of  Health.  NIH  Data  Book  (Washington.  DC:  NIH.  annual  series):  NIH  unpublished  tabulations;  C.E  Pray  and  C.  Neumeyer.  Trends 
and  Composition  of  Pnvate  Food  and  Agricultural  R&D  Expenditure  in  the  United  States.  "  P-0222''  -1-89  (New  Brunswick.  NJ:  Rutgers  College.  1989):  personal 
communication  with  Dr  Pray:  USDA.  Inventory  of  Agricultural  Research:  Current  Research  Information  System'  (Washington,  DC;  USDA,  annual  series);  and  P.G. 
Pardey.  B  Craig,  and  M.L  Hallaway.  "U.S.  Agricultural  Research  Deflators:  1890- 1985,"  Research  Policy  )B:  289-96. 
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Appendix  table  4-21 . 

Budgetary  impact  of  the  Federal  research  and  experimentation  (R&E)  tax  credit:  FYs  1981-92 


Cost  of  R&E  credit' 

Outlay  Revenue 
equivalent  loss 
(a)  (b) 

Total 
Federal 

R&D 
outlays 
(c) 

Ratio 
of  credit 
outlays 

to  notU 

(a)/(c) 

Cost  of  R&E  credit 

Outlay  Revenue 
equivalent  loss 

Total 
Federal 

R&D 
outlays 

Millions  of  current  dollars 

r  erceni 

Millions  of  constant  1 982  dollars^ 

4  AO  4 

  205 

15 

32,459 

U.DO 

220 

16 

34,825 

  640 

415 

34,391 

1  .oo 

640 

415 

34.391 

1983  

  1,010 

615 

36,659 

2.76 

969 

590 

35.170 

1984  

  3,360 

1.380 

39,691 

8.47 

3.106 

1,276 

36.686 

4  ADC 

  2,430 

1.665 

44,171 

D.DKJ 

2.179 

1,493 

39.604 

1QQA 

  2.295 

680 

50.609 

2,004 

594 

44,196 

1S87  

  2,715 

1.865 

51,612 

5.26 

2,300 

1,580 

43.727 

1988  

  1,240 

900 

54,739 

2.27 

1,020 

740 

45.009 

  1,590 

1,145 

59,450 

2.67 

1,255 

903 

46,906 

  1,625 

1.115 

63,158 

2.57 

1,233 

846 

47.91 1 

1991  

  1,680 

1,155 

63,440 

2.65 

1,220 

839 

46.086 

1992  

  1,220 

835 

68,065 

1.79 

851 

583 

47,503 

NOTES:  Tax  expenditure  estimates  are  prepared  by  the  Treasury  Department  based  on  income  tax  law  enacted  as  of  December  31st  of  the  year  for  which  the 
expenditures  are  reported.  Expernjitures  for  the  years  1990-92  are  estimated  based  on  the  assumption  that  the  tax  structure  existing  December  31 . 1 990.  is 
unchanged. 

'"Outlay  equivalent"  estimates  are  comparable  to  taxable  outlay  figures  reported  in  the  budget.  This  allows  a  comparison  of  the  u^source  cost  of  the  tax  credit  with 

the  cost  of  direct  Federal  R&D  expenditure  support.  The  "revenue  loss"  estimates  are  net  of  taxes. 

'See  appendix  table  40  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCE:  Office  of  Management  and  Budget,  Budget  of  the  United  States  Goi^emmenf  (Washington,  DC:  0MB,  annual  series). 
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Appendix  table  4-22. 

Geographic  distribution  of  U.S.  R&D  expendit  ires,  by  performer  and  source  of  funds:  1989 

(page  1  of  2) 


Geographic  area 


Total  Federal   

all  intra- 
sectors     mural  Total 


Industry 


Universities  and  colleges  (U&C)' 


U&C  FFRDCs 


Federal 

Gov't  Industry 


TOTAL  U  S   139,842 

New  England   11710 

Connecticut   2.745 

Maine   72 

Massachusetts   7.949 

New  Hampshire'   202 

Rhode  Island   428 

Vermont^   314 

Middle  Atlantic   22,918 

New  Jersey   7.229 

New  York   9.898 

Pennsylvania   5.791 

South  Atlantic   17,779 

Delaware-   8873 

District  of  Columbia*   1982 

Florida   3,375 

Georgia   1,302 

Maryland   5.091 

North  Carolina   1.826 

South  Carolina   576 

Virginia   2.536 

West  Virginia*   203 

Southeast   3.132 

Alabama   1.223 

Kentucky   343 

Mississippi   264 

Tennessee   1.302 

Southwest   7.589 

Arkansas   121 

Louisiana   384 

Oklahoma   507 

Texas   6,576 

Great  Lakes   23,347 

Illinois   5.307 

Indiana   2.120 

Michigan   9.057 

Ohio   5.465 

Wisconsin   1.399 


14.651   101.599     31,366  70,233 


665 
38 
4 
401 
22 
196 
4  242 


8.789 
2.410 
33 
5,825 
95-140 
139 
287 


793  19.084 

430  6.381 

89  8,071 

274  4,632 


6.538 
845 
1.522 
642 
158 
3.012 
60 
60 
1.018 
63 

864 
568 
31 
130 
135 

571 
25 
36 
46 

464 

1.288 
59 
75 
71 

1.056 
27 


8,100 
1.03 
23-210 
2,341 
719 
1.088 
1.305 
386 
1,126 
80-267 

1.640 
428 
226 
56 
930 

5,580 
51 
168 
332 

5.028 

19,308 
4.050 
1.815 
8.468 
3.946 
1.030 


2.416 
680 

1 

1.691 
D 
D 
D 

3.988 
601 
1,480 
1.907 

2.598 
D 
D 

1.167 
D 

552 
5 
D 

687 
D 

653 
213 
0 
D 
D 

1.886 
D 
D 
D 

1.848 

1.267 
D 
D 
99 
681 
32 


6,373 
1,730 
33 
4,134 
95 
D 
D 

15.096 
5.780 
6.591 
2,725 

5,502 
D 
23 
1,174 
D 
536 
1.300 
D 
439 
80 

987 
215 
226 
D 
D 

3,694 
D 
D 
D 

3.180 

18,041 
D 
D 

8,369 
3,265 
998 


Total 


Federal  Non-Fed. 
Gov't  gov't 


Industry     U&C       Other  Total 


Millions  of  current  dollars 
14.701      8,804  1,201 


1,357 
284 
20 
868 
62 
80 
43 

2.376 
283 

1,332 
761 

2,720 
37 
114 
386 
417 
922 
425 
120 
259 
39 

581 
207 
84 
75 
215 

1,345 
44 
179 
113 

1.009 

2.072 
604 
227 
486 
417 
337 


944 
187 
6 
622 
42 
56 
29 

1,454 
118 
867 
469 

1.673 
17 
85 

2on 

205 
706 
262 

42 
139 

17 

304 
115 
33 
32 
124 

602 
14 
66 
33 

488 

1,178 
338 
136 
263 
242 
198 


33 
5 
1 

19 
3 
3 
3 

147 
45 
69 
32 

262 
1 

26 
40 
64 
b1 
17 
49 
1 

/8 
18 
7 

20 
32 

184 
12 
43 
5 

124 

195 
36 
19 
36 
49 
55 


9t.' 

107 
12 
4 
79 
3 
6 
3 

179 
17 
71 
92 

178 
4 
7 
21 
35 
35 
41 
8 

22 
4 

40 
16 
8 
5 

10 

80 
4 
8 
6 

62 

136 
39 
18 
36 
26 
16 


,369 

149 

57 
7 

9 

12 
5 

364 
83 
172 
109 

499 
11 
16 
113 
125 
92 
47 
45 
34 
15 

118 
41 
31 
10 
37 

321 
10 
47 
60 

205 

415 
151 
44 
116 
62 
43 


1,064 

124 
23 
1 

90 
5 
2 
3 

232 
20 

154 
59 

109 
2 
6 
26 
12 
25 
14 
8 
14 
2 

41 
16 
6 
8 
11 

158 
4 
15 
9 

130 

148 
41 
10 
35 
38 
24 


Federal 
Gov't 


Non- 
profits- 


4,729     4.692  3.876 


364 
0 
0 

364 
0 
0 
0 

'589 
113 
255 
21 

32 
0 
0 
0 
0 
0 
0 

c 

13 
18 

8 
0 
0 
0 
8 

0 
0 
0 
0 
0 

528 
528 
0 
0 
0 
0 


364 
0 
0 

364 
0 
0 
0 

388 
112 
255 
21 

31 
0 
0 
0 
0 
0 
0 
0 
12 
18 

8 
0 
0 
0 
8 

0 
0 
0 
0 
0 

521 
521 
0 
0 
0 
0 


ERIC 


535 
13 
15 
491 
0 
13 
3 

276 
22 
151 
103 

389 
2 

136 
6 
8 
69 
36 
10 
120 
2 

39 
20 

2 

3 

14 

93 
1 
1 

16 
75 

151 
65 

3 
32 
46 

5 
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Appendix  table  4-22. 

Geographic  distribution  of  U.S.  R&D  expenditures,  by  performer  and  source  of  funds:  1989 

(page  2  of  2) 


industry                             Universities  and  colleges  (U&C)'                       U&C  FFRDCs 
Total  Federal  

all        intra-  Federal  Federal   Non-Fed.  Federal  Non- 

Geographic  area  sectors     mural      Total      Gov't    Industry     Total      Gov't       gov't      Industry     U&C       Other      Total     Gov't  profits 


Millions  of  current  dollars 


Plains  

6.530 

166 

6.307 

1.770 

3.537 

965 

483 

135 

69 

220 

58 

22 

22 

70 

Iowa  

616 

20 

363 

D 

D 

209 

103 

25 

15 

61 

6 

22 

22 

2 

Kansas  

523 

9 

404 

94 

310 

108 

44 

24 

5 

30 

4 

0 

0 

2 

Minnesota  

2.399 

31 

2.066 

D 

D 

259 

133 

43 

12 

44 

27 

0 

0 

43 

Micqoi  1  rl 

2  710 

D 

D 

140 

15 

9^ 
c>j 

60 

16 

0 

0 

17 

Nebraska  

182 

22 

64 

D 

D 

94 

37 

23 

9 

21 

4 

0 

0 

2 

North  Dakota  

79 

20 

27 

0 

27 

28 

19 

1 

3 

4 

1 

0 

0 

4 

South  Dakota  

23 

6 

4 

0 

4 

12 

6 

5 

0 

1 

0 

0 

0 

0 

Mountain   

7.109 

1,021 

4.095 

1.896 

2.199 

874 

514 

70 

62 

182 

46 

993 

978 

126 

Arizona  

1.293 

118 

917 

220 

697 

224 

105 

8 

13 

86 

12 

28 

;^8 

7 

P.n!nr:iHn 

1 .649 

1 1  7 

1  1R? 

?S1 

Q"!  1 

167 

1 1 

14 

18 

17 

61 

80 

Idaho  

614 

19 

161-561 

D 

161 

33 

13 

8 

4 

8 

0 

0 

0 

1 

Montana   

59 

21 

5-405 

D 

5 

32 

12 

8 

3 

10 

0 

0 

0 

1 

Nevada  

141 

77 

29 

D 

D 

34 

18 

2 

4 

9 

1 

0 

0 

1 

New  Mexico  

2.680 

594 

1,034 

D 

D 

136 

77 

15 

16 

18 

11 

902 

889 

^3 

Utah  

620 

66 

387 

D 

D 

165 

109 

17 

6 

28 

5 

0 

0 

2 

VVyorrung^  

53 

9 

0-400 

D 

D 

23 

14 

2 

2 

6 

0 

0 

0 

21 

PilClflC  

34.925 

2.718 

26.764 

14.193 

12.571 

2.411 

1.653 

97 

113 

400 

148 

2.385 

2.373 

647 

Alaska   

118 

51 

9 

D 

D 

57 

27 

2 

3 

22 

3 

0 

0 

1 

Calitornia  

30.881 

2.478 

23.675 

12.857 

10.818 

1.846 

1.281 

43 

83 

322 

116 

2.385 

2.373 

497 

Hawaii   

123 

36 

9 

2 

7 

71 

41 

25 

1 

4 

1 

0 

0 

7 

Orfiqon   

579 

42 

355 

30 

325 

161 

99 

21 

5 

17 

20 

0 

0 

21 

Washington  

3.225 

111 

2.716 

D 

D 

277 

205 

6 

21 

36 

8 

0 

0 

121 

C)tfM?r  uf^known  . 

4.803 

27 

2.932 

699 

2.233 

286 

8 

8 

1.550 

(.)    ^v.tll^^^'l(1  lo  avoid  (.ii'",c;iu.sifig  0()t»fationF;  of  individual  conipanier*.  ■  •  unknown 

\  umi.  di^tr4)iit<.'d  by  sl.iU*  tor  universities  and  colluges  are  for  doctoralu  granting  instilultons  only.  R&D  perforniud  at  non-doctorate  granting  institutions  is  included  in  "othor  unknown.  " 

f  or  tlH'  nonproiit  s(iCtor  hi^&y  distributed  by  statt?  include  only  Federal  obligations  to  organizations  in  this  sector  Estimated  non-Federal  support  to  the  nonprolit  r,ector  is  included  in  other  unknown 

f  \\\{'  ffdii^.try  tof  ieport(?d  data  tall  withm  the  range  specihed.  but  luive  been  withheld  by  tt»e  Census  Bureau  to  avoid  disclosing  individual  company  operations  Amount  for  state  totat  is  R&D  performance  of 
I  r(jr.j.ji  Ciov»'rnnu?nl  utuvenwties  and  colleger.,  academic  federatly  funded  research  and  development  centers  (FFRDCs).  and  nonprofit  sector,  plus  the  midpoint  of  the  industry  R&D  performance  range 

f     tfu-  "idirit^y  si'ctor  reporttni  dtita  fall  witfun  the  range  specified,  but  havi?  been  withheld  by  tiie  Census  Bureau  to  avoid  disclosing  individual  company  operations  Aniount  for  state  total  is  R&D  performarice  of 
f  cdri.i!  (.•jov{'fjin^<'n?  univrrs'ties  and  colleges,  academic  FFRDCs.  and  nonprofit  sector,  plus  the  low  end  of  tfie  industry  R&D  performance  range.  Use  ol  low  end  of  range  based  on  reported  National  Science 
r  DijMdatioM  (fMSF")  industry  data  tor  19B5  and  1987.  and  Federal  obligation  data  for  1989:  this  implicitly  assumes  that  there  were  no  major  shifts  in  industry  R&D  performance  between  1987  and  1989 

\  Mf  the  cHfijstry  sec  tor  reported  data  fall  witfnn  the  rcinge  specified  but  have  oeen  withheld  by  the  Censu*;  BurL»au  to  avoid  disclosing  individual  company  operations  Amount  for  state  total  is  R&D  performance  of 
\  f'(i»'rai  Goveriimt'iit  univer  -dier,  arid  college';,  academic  FFRDCs.  and  r^onprofit  sector,  plus  the  high  end  o!  the  industry  R&D  performance  range  Use  of  high  end  of  range  based  on  reported  NSF  industry  data 
for        .mi  urn/  and  Federal  obligation  data  for  1989:  this  implicitly  a^:»sumes  that  tt>ere  were  no  niajor  sfufts  in  industry  F-i&D  performance  between  1987  and  1989. 

)  snUfHCr  S(;it:nce  Rf»sourc(?s  Studies  Division.  National  Science  Foundation,  unpublished  tabulations. 

See  figure  4  1^  and  lexl  tables  4  b  ancJ  4  0  Scfence  &  tngmvenng  Indiaitofs  1991 
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Appendix  table  4-23. 

States  leading  in  R&D  performance  by  sector  and  R&D  as  a  percentage  of  gross  state  product  (GSP):  1989 


Total  R&D 

($  millions)  All  sectors' 


Industry 


Universities 
&  colleges' 


Federal 
Government 


R&D  intensity  of  state  economy 


30.881 
9,898 
9,057 
7,949 
7,229 
6,576 
5,791 
5.465 
5.307 
5.091 
3,37?S 
3.225 
2.745 
2J10 
2.680 
2,536 
2.399 
2,120 
1.826 
1.649 
1,399 
1.302 
1.302 
1,293 
1,223 


1  California  

2  N»  York  

3  Michigan  

4  Massachusetts  . 

5  New  Jersey.  . . . 

6  Texas  

7  Pennsylvania  .  . 

8  Ohio  

9  Illinois  

10  Maryland  

1 1  Florida  

12  Washington.  .  . 

13  Connecticut.  .  . 

14  Missouri  

1 5  New  Mexico  .  . 

16  Virginia  

17  Minnesota.  .  .  . 

18  Indiana  

19  North  Carolina. 

20  Colorado  

21  Wisconsin.  .  .  . 

22  Georgia  

23  Tennessee  . .  . 

24  Arizona  

25  Alabama  


Largest  25 

California  

Michigan  

New  York  

New  Jersey  

Massachusetts .  .  . 

Texas   

Pennsylvania .... 

Illinois  

Ohio  

Washington  

Connecticut  

Missouri  

Florida  

Minnesota  

Indiana  

North  Carolina  .  .  . 

Colorado  

Virginia  

Maryland  

New  Mexico  

Wisconsin  

Tennessee  

Arizona  

Delaware  

Georgia  


performers  (ranked 

California  

New  York  

Texas  

Maryland  

Massachusetts  .  . 
Pennsylvania.  .  .  . 

Illinois  

Michigan  

North  Carolina.  .  . 

Georgia  

Ohio  

Florida  

Wisconsin  

Connecticut  

Now  Jersey  

Washington  

Virginia  

Minnesota  

Missouri  

Indiana  

Colorado  

Arizona  

Tennessee   

Iowa  

Alabama  


by  size  of  R&D) 

Maryland  

California  .  .  .  . 

Ohio  

Virginia  

Florida  

New  Mexico  .  . 

Alabama  

Texas   

New  Jersey  . . . 
Massachusetts 
Pennsylvania.  . 
Rhode  Island.  . 

Georgia  

Tennessee  . . . 
Mississippi  .  . . 

Arizona  

Colorado .  .  .  .  . 
Washington.  . . 
New  York  .  .  .  . 

Nevada  

Indiana  

Michigan  

Utah  

Wes*  Virginia.  . 
North  Carolina . 


New  Mexico  . . 
Delaware  .... 
Massachusetts 
Maryland  .... 
Michigan  .... 
California  .... 

Idaho  

New  Jersey  . . 
Washington  .  . 
Connecticut  .  . 

Vermont  

Missouri  

Ohio  

Minnesota  .  . . 
Pennsylvania  . 
Colorado  .... 
Rhode  Island  . 
New  York .... 

Utah  

Illinois  

Indiana  

Arizona  

Texas  

Virginia  

Alabama  


GSP' 

R&D/GSP  ($  billion) 

9.8%  27.2 

5.7%  15.7 

5.5%  145.8 

5.1%  99.0 

5.0%  181.4 

4.5%  680.7 

3.8%  16.2 

3.7%  197.5 

3.3%  99.2 

3.0%  90.4 

2.8%  11.2 

2.7%  99.9 

2.6%  211.2 

2.5%  94.2 

2.5%  227.6 

2.4%  67.9 

2.2%  19.2 

2.2%  448.2 

2.2%  28.7 

2.1%  257.7 

2.0%  104.6 

2.0%  64.7 

1 .9%  346.8 

1.9%  133.9 

1 .8%  66.7 


Less  than 
.$1  billion 


Smallest  25  performers  (listed  alphabetically) 


1 .5% 
or  less 


Alaska  

Arkansas  

Delaware  

Hawaii  

Idaho  

Iowa  

Kansas   

Kentucky  

Louisiana  

Maine  

Mississippi  

Montana  

Nebraska  

Nevada   

New  Hampshire  , 
North  Dakota  . . , 
Oklahoma  .... 

Oregon  

Rhode  Island .  . 
South  Carolina. 
South  Dakota.  . 

Utah  

Vermont  

West  Virginia .  . 
Wyoming  


Alabama  

Alaska  

Arkansas  

Hawaii  

Idaho  

Iowa  

Kansas   

Kentucky  

Louisiana  

Maine  

Mississippi  

Montana  

Nebraska  

Nevada   

New  Hampshire  .  . 
North  Dakota  .... 

Oklahoma  

Oregon  

Rhode  Island  .... 
South  Carolina  .  .  . 
South  Dakota .... 

Utah  

Vermont  

West  Virginia  .... 
Wyoming  


Alaska  

Arkansas  

Delaware  

Hawaii  

Idaho  

Kansas  

Kentucky  

Louisiana  

Maine  

Mississippi  

Montana  

Nebraska  

Nevada  

New  Hampshire.  . 
New  Mexico  .... 
North  Dakota.  .  .  . 

Oklahoma  

Oregon  

Rhode  Island.  .  .  . 
South  Carolina  .  . 
South  Dakota  .  .  . 

Utah  

Vermont  

West  Virginia.  .  .  . 
Wyoming  


Alaska   

Arkansas  

Connecticut.  . .  . 

Delaware  

Hawaii  

Idaho  

Illinois  

Iowa  

Kansas  

Kentucky  

Louisiana  

Maine  

Minnesota  

Missouri  

Montana  

Nebraska  

New  Hampshire . 
North  Dakota .  .  . 

Oklahoma  

Oregon  

South  Carolina.  . 
South  Dakota  .  . 

Vermont  

Wisconsin  

Wyoming  


Alaska  

Arkansas  

Florida  

Georgia  

Hawaii  

Iowa  

Kansas  

Kentucky  

Louisiana  

Maine  

Mississippi  

Montana  

Nebraska  

Nevada   

New  Hampshire. 
North  Carolina.  . , 
North  Dakota  .  . . 

Oklahoma  

Oregon  

South  Carolina  . 
South  Dakota  . 
TenneSxSee .... 
West  Virginia  .  . 

Wisconsin  

Wyoming  


21.3 
37.5 
230.4 
127.4 
25.8 
54.6 
49.8 
65.1 
81.6 
23.0 
38.2 
13.9 
31.7 
27.4 
23.8 
128.0 
12.1 
54.9 
52.6 
56.8 
11.8 
91.0 
26.8 
94.2 
11.6 


'Includes  in-state  R&D  perlormance  of  industry,  universities,  associated  federally  funded  research  and  development  centers  (FFRDCs).  and  Federal  agencies  and  the 
federally  funded  R&D  performance  of  nonprofit  institutions. 
•Excludes  R&D  activities  of  FFRDCs  located  within  these  states. 

"Gross  state  product  data  available  from  the  Bureau  of  Economic  Analysis  (PEA)  through  1986.  GSP  data  for  1989  estimated  here  based  on  changes  In  employee 

compensation  and  proprietors'  income  between  1986  and  1989.  as  reported  by  BEA. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  unpublished  tabulations. 

See  text  table  4-5.  Science  &  Eingmeering  Indicators  -1991 
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Appendix  table  4-24. 

Summary  of  state  programs  related  to  science  and  technology  (S&T)  based  economic  development: 
selected  programs 

(page  1  of  2) 


Industry  focus 


Year 
formed 

Alabama  

.  .  1987 

Alaska  

1988 

Arizona  

. .  1990 

Arkansas  

1983 

California  

1989 

Colorado  

1986 

Connecticut  

1 972 

Delaware  

1986 

Florida  

1983 

Georgia  

. .  1980 

Hawaii  

1983 

Idaho  

1988 

Illinois  

1981 

Indiana  

1982 

Iowa  

1983 

Kansas  

1987 

Kentucky  

1987 

Louisiana  

1988 

Maine  

1984 

Maryland  

1988 

Massachusetts  . . . 

1985 

Michigan  

1985 

Minnesota  

1983 

Mississippi  

1985 

Missouri  

1983 

Montana  

1985 

Nebraska  

1986 

Nevada  

1990 

New  Hempshire, . . 

.  .  1991 

New  Jersey  

1985 

New  Mexico  

1981 

New  York  

.  .  1902 

North  Carolina .... 

1963 

North  Dakota  

. .  1991 

Ohio  

. .  1983 

Oklahoma  

. .  1987 

Oregon  

1985 

Pennsylvania  

1982 

Rhode  Island  

1985 

South  Carolina. . . . 

. .  1983 

R&D  tax  Startup 


Major  state  administrative  agencies.  University 

commissions,  and  boards  concerned  with   — 

S&T-based  economic  development  initiatives^  Grants  Centers  incentives  support 

Alabama  Science,  Technology,  &  Energy  Division   U         —         —       '  — 

Alaska  Science  and  Technology  Foundation   I         —         ~  — 

Governor's  Advisory  Board  on  Science  &  High  Technology   — 

Arkansas  Science  &  Technohgy  Autht^  "t/   U 

California  Office  of  Competitive  Technology   Ul 

Colorado  Advanced  Technology  Institute   Ul 

Connecticut  Innovations  Incorporated   Ul 

Governor's  High  Technology  Task  Force   Ul 

Florida  High  Technology  and  Industry  Council   U 

Advanced  Technology  Development  Center   — 

High  Technology  Development  Corporation  

Division  of  Science  &  Technology   U 

Office  of  Technology  Advancement  and  Development   Ul 

Business  Modernization  and  Technology  Corporation   I 

Iowa  High  Technology  Council   Ul 

Kansas  Technology  Enterprise  Corporation   Ul 

Office  of  Business  and  Technology   I 

Louisiana  Partnership  for  Technology  &  Innovation   — 

Maine  Science  and  Technology  Commission   U 

Office  of  Technology  Development   I 

Executive  Office  of  Economic  Affairs   I 

Michigan  Strategic  Fund   Ul 

Minnesota  Technology,  Inc   — 

Institute  of  Technology  Development   — 

Missouri  Corporation  for  Science  &  Technology   — 

Montana  Science  and  Technology  Alliance   I 

Nebraska  Research  and  Development  Authority   I 

Industry,  Science,  Engineering  &  Technology  Task  Force   — 

Office  of  Business  and  Industrial  Development   — 

New  Jersey  Commission  on  Science  and  Technology   U 

Economic  Development  Department   Ul 

New  York  Science  and  Technology  Foundation   I 

North  Carolina  Board  of  Science  and  Technology   I 

Science  and  Technology  Corporation   U 

Thomas  Alva  Edison  Program   Ul 

OK  Center  for  the  Advancement  of  Science  &  Technology   I 

Oregon  Resource  and  Technology  Development  Corporation    I 

Ben  Franklin  Partnership  Program   Ul 

Rhode  Island  Partnership  for  Science  and  Technology   U 

South  Carolina  Research  Authority   — 


C 
C 


Credit 
Other 


—  Credit 


C 
C 
C 
C 


C 
C 
C 
C 
C 
C 


Credit 
Credit 
Credit 


Exemption 
Exemption 

Exemption 

Credit 
Credit 


C 
C 
C 

C 
C 


Credit 


SV 
S 

SV 

SV 
SV 
SV 
SV 
V 

SV 


V 

3V 
V 

S 

SV 
SV 


C     Exemption  — 


S 

SV 
SV 

-  SV 

-  SV 
SV 

-  SV 
Exemption  SV 

Other  — 


S 

(continued) 
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Appendix  table  4-24. 

Summary  of  state  programs  related  to  science  and  technology  (S&T)  based  economic  development: 
selected  programs 

(page  2  of  2) 


Year 
formed' 

South  Dakota  

. .  1988 

Tennessee   

. .  1982 

. .  1987 

Utah  

. .  1985 

Vermont  

. .  1988 

Virginia  

.  .  1984 

Washington  

.  .  1990 

West  Virginia  

. .  1977 

. .  1990 

. .  1989 

Major  state  administrative  agencies, 
commissions,  and  boards  concerned  with 
S&T'based  economic  development  initiatives^ 


University 
focus 


Industry  focus 


-  R&D  tax  Startup 
Grants  Centers  incentives  support 


The  Future  Fund  

Tennessee  Technology  Foundation  

Office  of  Advanced  Technology  

Centers  of  Excellence  Program  

Governor's  Advisory  Council  on  Technology  . . 

Center  for  Innovative  Technology  

Office  of  Science  &  Technology  

Office  of  Community  &  Industrial  Development 

Bureau  of  Research  and  Technology  

Science,  Technology  and  Energy  Authority  . . . 


Ul 


I 

U 
Ul 


U 
Ul 


S 

c 

V 

c 

V 

sv 

Exemption 

c 

Exemption 

c 

Credit 

V 

Credit 

V 

c 

Credit 

NOTES:  University  focus  to  foster  research  and  technology  aimed  at  local  economic  development; 
U  «  States  sponsoring  university  research  grants  (partnerships  with  industry) 
I  s  States  funding  research  grants  to  industry,  generally  with  active  university  participation 
0  «  States  with  university  research  centers,  which  generally  draw  on  the  strengths  of  major  industries  in  the  state 

R&D  tax  incentives: 

Exemption  =  R&D  materials  and/or  equipment  are  exempt  from  sales/use  taxes 
Credit  >  State  tax  credit  on  qualified  R&D  expenses  conducted  in-state 

Other  =  California  allows  R&D  expenses  to  be  deducted  from  state  taxes  and  Rhode  Island  provides  accelerated  tax  depreciation  fo.  R&D  facilities 

Startup  support  (includes  programs  for  which  the  state  provides  ongoing  support/oversight  or  one  time  capitalization): 
S  a  States  with  seed  capital  programs  to  assist  companies  yet  to  develop  a  marketable  product 

V  ^  States  with  venture  capital  programs  to  assist  developing  companies  with  established  business  plans  and  commercially  feasible  projects 

'Formation  year  can  be  that  of  a  predecessor  organization  so  long  as  the  S&T  activities  of  the  successor  organization(s)  remained  substantially  unchanged. 
Date  can  be  considered  as  year  of  state's  initial  involvement  iri  S&T  development. 

^In  some  states  there  is  more  than  one  major  agency  responsible  for  S&T  development. 

SOURCES;  Technology  Administration.  U.S.  Department  of  Commerce.  Clearinghouse  for  Stale  and  Local  Initiatives  in  Productivity,  Technology,  and  Innovation, 

unpublished  tabulations  (data  as  of  August  1991 ):  supplemental  information  from  Paul  Phelps,  ADD.  Inc.,  Alexandria.  VA.  personal  communication. 

See  figure  4-13.  Science  <S  Engineering  Indicators  -  1991 
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Appendix  table  4*25. 

State  agency  expenditures  from  state  funds  for  R&D  and  R&D  plant:  1977  and  1988 


R&D  expenditures                R&D  plant  R&D  expenditures                R&D  plant 

1977             1988             1977           1988  1977           1988             1977  1988 

Thousands  of  current  dollars  -  Thousands  of  constant  1 982  dollars' 

TOTAL,  ALL  STATES                    197,561        769.264           8,149       198,681  293,640       634,026         12,112  163,753 


Alabama  

  385 

1,047 

33 

0 

572 

863 

49 

0 

Alaska   

  3,612 

6.927 

175 

256 

5.369 

5,709 

260 

21 1 

Arizona  

  429 

670 

27 

42 

638 

552 

40 

35 

Arkansas  

  211 

1,027 

41 

0 

314 

846 

61 

0 

  23,659 

53,305 

81 

1,215 

35.165 

43,934 

120 

1,001 

1,416 

5 

0 

2,391 

1,167 

7 

0 

Connecticut  

  2,300 

8,358 

321 

1.220 

3,419 

6,889 

477 

1.006 

ueicjware  

  202 

2,511 

22 

0 

300 

2.070 

33 

0 

Floric^  

  7,374 

13,736 

1,254 

365 

10,960 

11,321 

1.864 

301 

  *1.251 

8,992 

0 

0 

1,859 

7.411 

0 

0 

Hawaii  

  2,298 

2,994 

497 

6,160 

3,416 

2,468 

739 

5,077 

Idaho   

  595 

961 

0 

0 

884 

792 

0 

0 

  10,563 

42,705 

432 

1 ,533 

1 5,700 

35,1 97 

642 

1 ,263 

  2,658 

8,050 

12 

0 

3,951 

6,635 

18 

0 

Iowa  

  1,179 

7,800 

63 

0 

1,752 

6,429 

94 

0 

Kansas   

  987 

7,621 

0 

56 

1,467 

6,281 

0 

A  O 

46 

Kentucky  

  5.418 

6,733 

1,51 1 

3,405 

8,053 

5,549 

2.246 

2,806 

Louisiana  

  4,450 

2,799 

478 

267 

6,614 

2.307 

710 

220 

  666 

2,556 

4 

404 

990 

2,107 

6 

333 

  7,606 

172.148 

97 

3.684 

11,305 

141,884 

144 

3,036 

Massachusetts  

  1.839 

6,027 

236 

0 

2,733 

4,967 

351 

0 

  4,797 

15,192 

114 

51 

7,130 

12.521 

169 

42 

Minnesota  

  2,987 

6,160 

48 

488 

4.440 

5.077 

71 

402 

Mississippi^  

  909 

2,428 

0 

0 

1,351 

2.001 

0 

0 

Missouri   

  634 

955 

107 

23 

942 

787 

159 

19 

Montana   

  1 ,783 

3,166 

4 

394 

2,650 

2.609 

6 

325 

Nebraska  

  252 

1,483 

4  A 

14 

0 

375 

1 ,222 

21 

U 

Nevada^  

  199 

1,806 

1 

0 

296 

1,489 

1 

0 

New  Hampshire  

  270 

0 

21 

0 

401 

0 

?1 

0 

  2,060 

21,006 

60 

23,020 

3,062 

17,313 

18.973 

New  Mexico  

  2,380 

34,1 10 

255 

2,790 

3,537 

28,1 13 

379 

2,300 

New  York   

  64,298 

194,336 

441 

137,570 

95.568 

160,171 

655 

1 13.385 

North  Carolina  

  5.076 

10,782 

65 

1,474 

7,545 

8,887 

97 

1,215 

North  Dakota  

  1.077 

rfOG 

99 

4 

1,601 

747 

147 

3 

Ohio  

  5,302 

29.361 

1 1 

606 

7,880 

24,199 

16 

499 

Oklahoma  

  643 

604 

12 

fi4^ 
317 

956 

498 

18 

261 

Oregon  

  1,750 

1,992 

90 

U 

1  ,b4^ 

1  o4 

U 

  5.712 

35,592 

4 

3,084 

8,490 

29,335 

6 

2,542 

  491 

1 ,024 

1  ou 

1 U 

"710 
/OK) 

QAA 

044 

1  'f  y 

Q 
O 

South  Carolina  

  2,189 

4,616 

680 

2,262 

3,254 

3,805 

1.011 

1,864 

South  Dakota  

  872 

1,471 

0 

168 

1,296 

1.212 

0 

138 

  518 

2,313 

1 

0 

770 

1,906 

1 

0 

  4,914 

10,952 

70 

7 

7.304 

9,027 

104 

6 

Utah  

  803 

968 

255 

50 

1.194 

798 

379 

41 

Vermont   

  100 

300 

0 

0 

149 

247 

0 

0 

Virginia  

  2,959 

10,475 

346 

256 

4,398 

8,633 

514 

211 

Washington  

  2,637 

12,480 

23 

7,450 

3,919 

10.286 

34 

6,140 

  227 

324 

0 

0 

337 

267 

0 

0 

Wisconsin  

  2,25^ 

5.783 

31 

50 

3.346 

4,766 

46 

41 

Wyoming  

  180 

296 

8 

0 

268 

244 

12 

0 

'See  appendix  table  4-1  for  GNP  implicit  price  deflator*^  used  to  convert  current  dollars  to  constant  1982  dollars. 
•Expenditures  only  for  the  state's  lead  science  and  technology  or  research  and  development  agency. 

SOURCES:  Sclenco  Resources  Studies  Division  (SRS),  National  Science  Foundation,  Research  and  Development  in  State  and  Local  Governments.  Fiscal  Year 
1977,  NSF  79-327  (Washington,  DC:  NSF.  1 979);  and  SRS.  Research  and  Development  Expenditures  of  State  Government  Agencies:  Fiscal  Years  1987  and  1988. 
NSF  90-309  (Washington,  DC:  NSF.  1 990). 
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Appendix  table  4-26. 

International  R&D  expenditures  and  R&D  as  a  percentage  of  GNP:  1961-89 


R&D  expenditures'    R&D  expenditures  as  a  percentage  of  GNP 

United  West  United  United  West  United 

Slates   Japan  Germany  France'  Kingdom    Itaty   Sweden  States    Japan  Germany  France^  Kingdom  Italy  Sweden 


Blllionsof  constant  1982  dollars  -    Percent 


0  Q 

MA 

9 

R  1 
o<  1 

NA 

NA 

2  7 

1.4 

NA 

1.4 

2.5 

NA 

NA 

■4  nco 

AQ  O 

A  A 
4.4 

A  0 

O.O 

NA 

NA 

NA 

1,5 

1.2 

1.5 

NA 

NA 

NA 

Co  c 
Dd.O 

A  Q 

4.y 

A  Q 

NA 

NA 

1.5 

1.4 

1.6 

NA 

0.6 

NA 

i  OCIA 

C7  0 
Of.d 

0.0 

R  ^ 

NA 

0  7 

1,5 

1.6 

1.8 

2.3 

NA 

1.2 

C  1 
D.l 

fi  7 
D.  / 

NA 

1  R 

NA 

?  fl 

1.6 

1.7 

2.0 

NA 

0.7 

NA 

■i  naa 

C  C 
D.D 

7 

/  .O 

O.O 

R  R 

NA 

NA 

P  8 

1.5 

1.8 

2.1 

2.3 

NA 

NA 

dA  A 

04,4 

7  C 

7  Q 

/  .y 

R  n 

O.O 

R  q 

P  0 

0  R 

2  fl 

1.6 

2.0 

2.2 

2.3 

0.7 

1.3 

1968  

65.5 

9.0 

8.4 

7.0 

9.1 

2.3 

NA 

2.8 

1.7 

2.0 

2.1 

2.2 

0.8 

NA 

1969  

64.7 

10.5 

8.3 

7.1 

9.4 

2.6 

0.8 

2.7 

1,7 

1.8 

2.0 

2.3 

0.8 

1.3 

CO  A 

IOC 

10  1 

1  U.  1 

7 

NA 

NA 

2  6 
cu 

1.9 

2.1 

1.9 

NA 

0.9 

NA 

•i  n"7H 

A 

1  o.o 

1 1  n 

7  fl 
/  .o 

NA 

1 

1 .1 

2.4 

1.9 

2,2 

1.9 

NA 

0,9 

1.5 

D 1 .4 

1  /!  Q 

1 4.y 

I  1 .0 

o.u 

\7.0 

9 

NA 

2  4 

1.9 

2  2 

1.9 

2.1 

0.9 

NA 

1973  

62.4 

16.3 

11.4 

8.0 

NA 

3.3 

1.2 

2.3 

2.0 

2.1 

1.8 

NA 

0.8 

1.6 

1974  

61.5 

16.6 

11.6 

8.3 

NA 

3.2 

NA 

2.2 

2.0 

2,1 

1.8 

NA 

0.8 

NA 

4  mc 

oy.y 

1  O.O 

O.O 

in  1 

o.u 

1  4 

2  2 

2.0 

2.2 

1.8 

2.1 

0.9 

1.7 

4  n~TC 

CO  1 

1  7  C 

1  /  .0 

19  9 
1  d.d 

o.u 

NA 

O.H 

NA 

2.2 

2.0 

2.1 

1.8 

NA 

0.9 

NA 

A  n"T*7 

DO.  / 

1  9 

fl  7 
O.  / 

NA 

R 

o.u 

1  5 

1  .u 

2.2 

2.0 

2.1 

1.8 

NA 

0.9 

1.8 

4  r\~Tci 

cc  o 

bb.o 

1  y.o 

10  C 
1  O.O 

y.u 

111 

M.I 

o.u 

NA 

p  1 

2  0 

2.2 

1.8 

2.2 

0.8 

NA 

1Q7Q 

70.1 

21.2 

15.2 

9.6 

NA 

3.7 

1,6 

2.2 

2.1 

2.4 

1.8 

NA 

0.8 

1.9 

1980  

73.3 

23.4 

15.5 

9.9 

NA 

3.9 

NA 

2.3 

2.2 

2.4 

1.8 

NA 

0.9 

NA 

1981  

76.6 

25.8 

16.1 

10.9 

12.2 

4.6 

2.0 

2.4 

2.3 

2.5 

2.0 

2.4 

1.0 

2.4 

1982  

80.0 

27.7 

16.5 

11.7 

NA 

4.8 

NA 

2.5 

2.4 

2.6 

2.1 

NA 

1.1 

NA 

1983  

85.8 

30.1 

16.0 

12.0 

11.9 

5.1 

2.3 

2.6 

2.6 

2.5 

2.1 

2.2 

1,1 

26 

1984  

93.8 

32.6 

17.0 

12.7 

NA 

5.5 

NA 

2,7 

2.6 

2.6 

2.2 

NA 

1,0 

NA 

1985  

102,5 

36.1 

18.8 

13.1 

12.8 

6.3 

2.8 

2.8 

2.8 

2.8 

2.3 

2.3 

1.1 

3.0 

1986  

104.9 

36.5 

19.3 

13.3 

13.5 

6.5 

NA 

2.8 

2.8 

2.8 

2.2 

2.4 

1.1 

NA 

1987  

106.6 

39.1 

20.2 

13.8 

13.6 

7.1 

3.0 

2.8 

2.8 

2.9 

2.3 

2.3 

1.2 

3.0 

1988  

110.2 

42.0 

20.6 

14.4 

13.5 

8.2 

NA 

2.7 

2,9 

2.9 

2.3 

2.2 

1.3 

NA 

1989  

111.1 

45.9 

21.9 

15.0 

13.2 

8.2 

2.9 

2.7 

3.0 

2.9 

2.3 

2.0 

1.3 

2.8 

NA  s  not  available 

Conversions  of  foreign  currencies  to  U.S.  dollars  are  calculated  with  Organisation  for  Economic  Cooperation  and  Development  purchasing  power  parity  exchange 
rates.  Constant  1982  dollars  are  based  on  U.S.  Department  of  Commerce  GNP  implicit  price  deflators. 

^French  data  are  based  on  gross  domestic  product  (GDP):  consequently,  percentages  may  be  slightly  overGlated  compared  to  GNP. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  International  Science  and  Technology  Data  Update  (Washington,  DC:  NSF.  ongoing 
series). 

See  figures  0- 1  and  0-2  in  Overview.  Science  &  Engineering  ln<  n 
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Appendix  table  4-27. 

international  nondefense  R&D  expenditures  and  nondefense  R&D  as  a  percentage  of  GNP:  1971-89 

 Nondefense  R&D  expenditures'   Nondefense  R&D  expenditures  as  a  percentage  of  GNP 

United  West  United  United  West  United 

Slates    Japan  Germany  France^  Kingdom    Italy    Sweden  States   Japan  Germany  France'  Kingdom  Italy  Sweden 


NA 

3.1 

NA 

1.7 

1.9 

2.0 

1.5 

NA 

0.9 

NA 

6.9 

3.2 

NA 

1.6 

1.9 

2.1 

1.5 

1.5 

0.9 

NA 

NA 

3.2 

NA 

1.6 

2.0 

1.9 

1.4 

NA 

0.8 

NA 

NA 

3.1 

NA 

1.6 

2.0 

2.0 

1.4 

NA 

0.8 

NA 

7.2 

3.5 

1.2 

1.6 

2.0 

2.1 

1.5 

1.5 

0.9 

1.4 

NA 

3.4 

NA 

1.6 

2.0 

2.0 

1.4 

NA 

0.8 

NA 

NA 

3.5 

1.2 

1.6 

2.0 

2.0 

1.4 

NA 

0.9 

1.5 

8.0 

3.4 

NA 

1.6 

2.0 

2.1 

1.4 

1.6 

0.8 

NA 

NA 

3.7 

1.4 

1.6 

2.1 

2.3 

1.4 

NA 

0.8 

1.7 

Billions  of  constant  1982  dollars  Percent 
1971    41.8      13.3       10.2  6.0 

1972   42.1       14.8       10.8  6.3 

1973   43.8      16.2       10.6  6.2 

1974   44.2      16.5       10.9  6.6 

1975   43.1  16.7  10.9  6.7 

1976   45.3  17.4  11.5  6.9 

1977   46.0  18.1  11.8  7.1 

1978   48.8  19.1  12.7  7.2 

1979   52.4  21.1  14.4  7.5 

1980   55.6      23.3       14.7  7.7 

1981    56.9      25.7       15.4  8.2 

1982   57.9      27.5       15.8  9.1 

1983   64.8      29.9       15.3  9.4 

1984   66.7      32.4       16.2  9.9 

1985   72.2  35.9  17.9  10.5 

1986   72.5  36.2  18.3  10.6 

1987   73.4  38.8  19.2  10.8 

1988   77.1  41.7  19.7  11.2 

1989   79.0  45.5  20.9  11.8 

NA  s  not  available 

'Nondefense  expenditures  are  estimated  here  as  total  R&D  expenditures— generally  as  reported  by  the  R&D  performers  (see  appendix  table  4*26)— minus  goverment 
R&D  funds  for  defense  purposes  (see  appendix  table  4-30)-— generally  taken  from  national  budget  documents:  that  is.  as  reported  by  the  R&D  funders.  Conversions 
of  foreign  currencies  to  U.S.  dollars  are  calculated  with  Organisation  for  Economic  Cooperation  and  Development  purchasing  power  parity  exchange  rates.  Constant 

1982  dollars  are  based  on  U.S.  Department  of  Commerce  GNP  implicit  price  deflator. 

'French  data  are  based  on  gross  domestic  product  (GDP):  consequently,  percentages  may  be  slightly  overstated  compared  to  GNP. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  International  Science  and  Technology  Data  Update  (Washington.  DC:  NSF.  ongoing 
series). 

See  figure  4-15  and  figures  0-2  and  0-3  in  Overview.  Science  &  Engineering  Indicators  -  1991 


NA 

3.9 

NA 

1.7 

2.2 

2.3 

1.4 

NA 

0.8 

NA 

8.7 

4.4 

1.9 

1.8 

2.3 

2.4 

1.5 

1.7 

1.0 

2.2 

NA 

4.6 

NA 

1.8 

2.4 

2.5 

1.6 

NA 

1.0 

NA 

8.5 

4.9 

2.1 

1.9 

2.5 

2.4 

1.7 

1.6 

1.1 

2.4 

NA 

NA 

NA 

1.9 

2.6 

2.5 

1,7 

NA 

NA 

NA 

9.1 

6.0 

2.5 

2.0 

2.8 

2.7 

1.8 

1.6 

1.1 

2.6 

10.1 

6.2 

NA 

1.9 

2.8 

2.7 

1.8 

1.7 

1.1 

NA 

10.7 

6.7 

2.7 

1.9 

2.8 

2.8 

1.8 

1.8 

1.2 

2.7 

10.9 

7.7 

NA 

1.9 

2.9 

2.7 

1.8 

1.7 

1.3 

NA 

10.4 

7.7 

2.6 

1.9 

3.0 

2.8 

1.8 

1.6 

1.2 

2.5 
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Appendix  table  4-28. 

International  comparison  of  R&D  expenditures,  source  of  funds  and  sector  of 
|:/erformance  for  selected  countries:  1975  and  1989 


United 

West 

United 

States 

Japan 

Germany 

France 

Kingdom 

Source  of  funds 

1975 

Total. 


Government  

Industry  

Higher  education . . 
Other'  

Billions  of  constant 
1982  dollars  

1989' 

Total  

Government  

Industry  

Higher  education . . 
Other^  

Billions  of  constant 
1982  dollars  


1975 

Total  

Governmen'  

Industry  

Higher  education . . 
Other'  

Billions  o!  constant 
1982  dollars  

1989' 

Total  

Government  

Industry  

Higher  education .  . 
Other'  

Billions  of  constant 
1982  dollars  


100 

51 
45 
2 
2 


$59.4 


100 

45 
51 
3 
1 


$111.1 


100 

15 
69 
13 
4 


$59.4 


100 

11 
72 
14 

3 


$111.1 


100 

29 
55 
15 
1 


$16.7 


100 

19 
72 
8 
1 


$45.9 
PerfornrJng  sector 

100 

12 
57 
28 
3 

$16.7 


100 
8 

70 
18 


$45.9 


Percent 

100 

47 
50 
0 
2 

$11.9 


100 

33 
65 
0 
2 


$21.9 

Percent 

100 

17 

63 

20 
* 

$11.9 


100 

13 
72 
14 


$21.9 


100 

54 
39 
1 
6 


$8  1 


100 

49 
43 
0 
7 


$15.0 


100 

23 
60 
16 
1 


$8.1 


100 

24 
60 
15 
1 


$15.0 


100 

52 
41 
1 
7 


$10.1 


100 

37 
51 
1 

11 


$13.2 


100 

26 
62 
8 

3 


$10.1 


100 

15 
67 
14 
4 


$13.2 


*  =  less  than  0.5  percent 

NOTE:  Percentages  may  not  sum  to  100  because  of  rounding. 
'Private  nonprofit  institutions, 

'French  data  lor  1989  are  NSF  estimates;  United  Kingdom  data  are  lor  1988, 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  International  Science  and  Technology  Data  Update  (Washington,  DC  .  NSF,  ongoing 
series). 

See  figure  4-14.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  4-29, 

Basic  research  expenditures  as  a  percentage  of  totp!  R&D,  by  country:  1975*88 


United  West  United 

States         Japan        Germany        France        Kingdom  Italy  Sweden 


-Percent 


1975  

  13 

12 

26 

NA 

14 

20 

NA 

1976  

  13 

15 

25 

NA 

13 

20 

NA 

1977  

15 

25 

21 

13 

20 

18 

1978  

  14 

16 

22 

NA 

13 

19 

NA 

1979  

  14 

15 

21 

21 

13 

16 

18 

1980  

  13 

14 

21 

21 

13 

15 

NA 

1981  

  13 

13 

22 

21 

13 

15 

23 

1982  

  13 

13 

21 

21 

NA 

15 

NA 

1983  

  13 

13 

21 

21 

NA 

16 

NA 

1984  

  13 

13 

NA 

20 

NA 

16 

NA 

1985  

  12 

12 

18 

20 

NA 

16 

20 

1986  

  14 

13 

NA 

20 

NA 

17 

NA 

1987  

  14 

13 

19 

20 

NA 

NA 

23 

1988  

 ,   14 

13 

NA 

23 

NA 

NA 

NA 

NA  -  not  available 

NOTES:  Data  for  basic  research  are  somewhat  less  reliable  than  those  for  total  R&D  expenditures.  Each  percentage  generally  relates  to  the  total  current  R&D 
expenditures:  for  countries  other  than  the  United  States,  this  may  include  some  general  university  funds.  Data  for  France  and  the  United  Kingdom  are  estimated  for 
certain  years. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  International  Science  and  Technology  Data  Update  (Washington.  DC:  NSF.  ongoing 
series). 
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Appendix  table  4-30. 

Distribution  of  government  R&D  budget  appropriations,  by  socioeconomic  objective:  1984  and  1989 


United  States  Japan         West  Germany         France        United  Kingdom 

Objective  1984      1989      1984      1989      1984     1989      1984      1989      1984  1989 


Percent 


TOTAL  

100,0 

100.0 

100.0 

100,0 

100.0 

100.0 

100,0 

100.0 

100.0 

100.0 

Agriculture,  forestry,  and  fishing  

2.2 

1.9 

10.9 

3.7 

2.4 

2.1 

4.7 

4.1 

5.0 

4.5 

Industrial  development .   

0.2 

0.2 

6.1 

4.6 

11.6 

12.8 

11.7 

13.3 

8.5 

8.5 

Energy  

5.8 

3.9 

14.0 

22.2 

15.0 

6.4 

7.9 

3.5 

5.3 

3.3 

Infrastructure  

2.5 

1.8 

2.5 

1.7 

2.2 

2.0 

3.5 

0.9 

4.8 

1.5 

Transportation  &  telecommunications .... 

2.4 

1.7 

1.4 

1.4 

1.1 

0.5 

2.2 

NA 

0.5 

0.3 

Urban  and  rural  planning  

0.1 

0.1 

1.1 

0.3 

1.1 

1.5 

1.3 

NA 

1.0 

1.2 

Environmental  protection  

0.5 

0.5 

1.4 

0.4 

2.8 

3.4 

0.5 

0.7 

1.2 

1.3 

Health  

11.3 

12.9 

2.5 

2.7 

3.2 

3.5 

3.8 

3.3 

3.5 

5.1 

Social  development  and  services  

1.0 

1.1 

0.7 

1.0 

2.4 

2.5 

1.4 

0.5 

0.7 

2.2 

Earth  and  atmosphere  

1.2 

1.0 

1.1 

1.0 

2.2 

2.2 

2.0 

1.6 

1.7 

2.4 

Advancement  of  knowledge  

3.8 

3.8 

53.5 

51.1 

44.4 

46.7 

26.5 

27.1 

19.6 

22.4 

Advancement  of  research  

3.8 

3.8 

1.7 

7.8 

11.4 

13.9 

16.2 

15.5 

5,1 

4.8 

General  university  funds  

51.8 

43.3 

33.0 

32.8 

10.3 

11.6 

14,6 

17.6 

Civil  space  

5.2 

7.3 

4.4 

6.3 

3.9 

5.7 

5.8 

7.7 

2.2 

3.1 

Defense  

66.2 

65.5 

2.8 

5.1 

9.8 

12.8 

31.3 

37.0 

49.4 

45.5 

Not  elsewhere  classified  

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.9 

0.4 

1.8 

0.3 

NA  «  not  separately  available  but  includec'  in  subtotal 

—  =  the  United  States  does  not  have  an  equivalent  to  Europe's  and  Japan's  general  university  funds 

NOTES;  Percentages  may  not  sum  to  ICQ  because  of  rounding.  U.S.  data  are  based  on  budget  authority.  Because  of  general  university  funds  and  slight  differences 
in  accounting  practices,  the  distribution  of  government  budgets  among  socioeconomic  objectives  may  not  completely  reflect  the  actual  distribution  of  government- 
funded  research  in  particular  fields.  Japanese  data  are  based  on  science  and  technology  budget  data,  which  include  Items  other  than  R&D.  Such  items  are  a  small 
proportion  of  the  budget,  and  therefore  the  data  may  still  be  used  as  an  approximate  indicator  of  relative  government  emphasis  on  R&D  by  objective. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  International  Science  and  Technology  Data  Update  (Washington.  DC:  NSF,  ongoing 
series). 

See  text  tablo  4-7.  Science  &  Engineering  Indicators  -  1991 


Appendix  table  4-31 . 

Company-financed  R&D  performed  outside  the  United  States  by  U.S.  companies  and  their  foreign  subsidiaries,  by  industry:  1974-89 

1974      1975  1976  1977  1978  1979  1980  1981  1982  1983  1984  1985  1986  1987  1988  1989 

  -  Millions  Of  current  U.S.  dollars  

TOTAL                                                  1.300     1,454  1,659  1,877  2,209  2.754  3.165  3.393  3,094  3,269  3,633  3,650  4.624  5.226  6.295  6.519 

Food,  kindred,  and  tobacco  products' ....          27         23  29  32  43  51  54  62  64  63  70  75  69  37  27  34 

Chemicals  and  allied  products                         208        269  312  332  395  500  603  715  682  729  786  843  1.071  1,243  1.501  1,287 

Industrial  and  other  chemicals                      82         85  108  133  151  199  246  287  319  368  385  444  579  625  781  473 

Drugs  and  medicines                               126        184  204  199  244  301  357  428  363  361  401  399  492  618  720  814 

Petroleum  refining  and  extraction   141  194  133  103  101  47  40  47  58  46 

Stone,  clay,  and  glass  products                        7         7  *  *  •  NA  21  18  10  19  60  D  D  D  D  D 

Primary  metals                                              3           9  12  9  9  11  11  9  9  10  9  D  D  18  24  23 

Fabricated  metal  products                                 *           '  22  24  29  NA  NA  30  25  23  21  21  26  40  D  D 

Machinery                                                258        331  352  411  460  534  599  612  494  577  740  689  951  1,233  1.364  1.455 

Electrical  equipment                                     238        245  278  300  352  445  451  475  467  482  537  591  S  432  669  615 

Radio  and  TV  receiving  equipment  ...          NA        NA  NA  NA  NA  NA  NA  NA  NA  NA  NA  D  D  0  D  D 

Communication  equipment                        NA        NA  NA  NA  NA  NA  NA  NA  NA  NA  D  D  D  188  339  278 

Electronic  components                               4          7  9  13  17  25  29  40  38  NA  92  117  150  204  278  245 

Other  electrical  c-MUipment                        NA        NA  6  5  9  11  11  39  43  38  30  24  25  39  D  D 

Transportation  equipment                              406        412  464  558  640  874  1,020  884  843  880  907  1,025  D  D  1.801  2.101 

Motor  vehicles  &  other  transportation 

equipment                                        364        373  423  514  NA  NA  NA  NA  NA  NA  D  D  D  D  1.469  1.491 

Aircraft  and  missiles                                  42         39  41  44  NA  NA  NA  NA  NA  NA  D  D  182  237  332  610 

Professional  and  scientific  instruments...           39         49  69  81  121  156  186  230  237  NA  263  169  212  317  393  441 

Other  manufacturing  industries                       Ill        105  137  144  181  213  139  156  123  92  131  125  141  138  145  166 

Nonmanufacturing  industries                            3          4  4  9  12  5  7  8  7  10  8  18  27  64  95  89 

Millions  of  constant  1982  U.S.  dollars' 

TOTAL                                                  2,409     2,452  2,630  2,790  3,059  3,505  3.692  3,611  3,094  3,148  3,372  3.290  4.063  4,450  5,188  5,161 

0   witttheld  to  avoid  disclosing  operations  of  individual  companies 
S  -  wdhtifild  because  of  imputation  of  more  than  50  percent 
"    (iicluded  in  ttie  other  manufacturing  industries  group 
N.A   not  separately  available,  but  included  in  totals 

Until  1984.  the  tobacco  products  category.  Standard  Industrial  Classilic  ition  code  21 ,  was  included  in  the  other  manufacturing  industries  group. 
See  appendix  table  4  1  lor  GNP  implicit  pnce  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SODHCFS  Science  Resources  Studies  Division,  National  Science  Foundation.  Research  and  Development  in  /ndusf/y  (Washington,  DC.  NSF.  ongoing  series);  and  unpublished  tabulations. 

See  figure  4  16  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  4-32. 

Foreign  R&D  expenditures  in  the  United  States,  by  industry  and  country:  1977-88 


Industry  and  country  1977    1978     1979     1 980     1981     1982     1983      1984     1985    1986    1987  1988 

 —  -  -        -Millions  of  current  U.S.  dollars   - - 

TOTAL   933     1,230    1.584     1.946    3.110    3.744    4,164     4.738    5.240   5.804    6.521  7.382 


Expenditures  by  industry 

Manufacturing   851  1.099  1.450 

Petroleum   108  158  149 

Food  and  kindred  products    7  16  14 

Chemicals  and  allied  products   483  604  773 

Industrial  chemicals   181  234  308 

Drugs  and  medicines   175  194  264 

Other  chemicals   127  176  201 

Primary  metal  industries   16  11  15 

Fabricated  metal  products   21  16  30 

Machinery,  except  electrical   69  94  129 

Office  and  computing  machines .  NA  NA  NA 

Other   NA  NA  NA 

Electrical  equipment   98  131  229 

Transportation  equipment   4  4  26 

Professional  and  scientific  instruments.  15  18  28 

Nonmanufacturing   82  131  134 

Services   19  20  14 

Olher   63  111  120 


U 

O  QQQ 

O.OOo 

O.OQO 

d  dOd 

d  RRR 

s  3qi 

S  8^4 

6.747 

n 
u 

O  1  u 

ooo 

380 

31 1 

345 

ly 

d'X 

\J  1 

54 

58 

104 

834 

1.580 

1.870 

2.037 

2.349 

2.627 

2,782 

3,220 

3.656 

454 

1,085 

1.329 

1.397 

1,620 

1,836 

1.657 

1.899 

2.087 

234 

316 

371 

459 

529 

563 

958 

1,091 

1.299 

146 

179 

170 

181 

200 

228 

167 

230 

270 

?4 

71 

79 

59 

66 

102 

97 

91 

111 

21 

20 

28 

82 

54 

64 

76 

67 

112 

189 

284 

297 

350 

355 

342 

286 

476 

562 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

370 

401 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

106 

161 

318 

385 

505 

613 

799 

977 

1..?66 

1.105 

1.229 

101 

136 

150 

92 

95 

83 

124 

76 

88 

32 

52 

47 

42 

42 

58 

112 

279 

225 

D 

212 

356 

301 

314 

374 

413 

637 

635 

37 

43 

41 

51 

60 

54 

77 

243 

274 

D 

169 

315 

250 

254 

320 

336 

394 

361 

Expenditures  by  country 

Canada                                              74         85       102  135  777  1,032  1,212  1,405  1,550  1.542  1,666  D 

Europe.!!                                        790       996    1,253  1,544  1.936  2,229  2,324  2,632  2,918  3,450  3,881  4,403 

France                                           62         89        56  146  204  232  215  261  16(i  352  366  419 

Germany                                     101        189      311  380  436  529  591  602  671  851  1,139  1,180 

Th(!  Netherlands                              190       215       244  299  373  397  387  432  514  517  542  597 

Sweden                                          10         12        14  36  53  54  62  63  116  141  128  162 

Switzerland                                    241        287       352  338  416  447  463  546  625  744  765  898 

United  Kingdom                               155        176       252  312  405  520  559  664  748  764  833  1,042 

Other  European  countries                   31         28       24  33  49  50  47  64  78  81  108  105 

Japan                                             23         54        77  88  142  141  171  210  267  292  307  515 

Latin  America                                     35         73      132  D  D  D  401  423  427  427  391  366 

Rest  of  world                                      11         22        20  D  D  D  56  68  78  93  276  D 

Millions  of  constant  1982  U.S.  dollars' 

TOTAL                                      ..    1,387     1,703    2,016  2,270  3.310  3.744  4,009  4.398  4,723  5,099  5,553  6,084 

D  =  withheld  to  avoid  disclosing  operations  of  individual  companies 
NA  =  not  available 

NOTE:  Includes  foreign  direct  investmenis  of  nonbank  U.S.  affiliates  only. 

'See  appendix  table  4-1  lor  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCE:  U.S.  Bureau  ol  Economic  Analysis.  Foreign  Direct  Investment  in  the  United  States  (Washington,  DC:  BEA.  ongoing  series). 

See  figure  4-16.  Science  &  Engineering  Indicators  -1991 
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Appendix  table  5-1 . 

Expenditures  for  academic  basic  research,  applied  research,  and  develcpment:  1960<-91 


Total 

Total 

academic 

Basic 

Applied 

ngveloD- 

academic 

Basic 

Applied 

Develop- 

Basic 

Applied 

Develop- 

R&D 

research 

research 

ment 

R&D 

research 

research 

ment 

research 

research 

ment 

 Millions  of  current  dollars 



*  Millions  of  constant  1982  doliars' 

Percentage  of  total 

1960  

D**D 

17Q 

34 

2  077 

1  '5Q9 

S7S 

10Q 

67  0 

27.7 

5.3 

1961  

1Q9 

35 

9  497 

1  70S 

R1  1 

111 
1 1 1 

70  2 

2*5  2 

4  6 

1962  

RRQ 

40 

9  fl9S 

9  ORO 

(%41 

19S 

72  Q 

22  7 

4.4 

1963  

1  om 

1  |UO  1 

Aid 

997 

40 

9  4Qn 

RQ7 

7*5  3 

21  0 

3.7 

1964  

1  00*^ 

9*^9 

40 

709 

191 

7fl  7 

16  2 

3.1 

1965  

1  474 

1  nfl 

1  ,  1  oo 

97Q 

57 

'^79 

fl97 

IRQ 

77  2 

16  Q 

3.9 

1966  

1  71R 

1  ^0^ 

84 

4 

'\  7S1 

Q44 

949 

76  0 

1Q  1 

4  Q 

1967  

1  4R7 

'^74 

90 

'^47 

4  OSR 

1  041 

9S1 

7S  fl 

1Q  S 

4.7 

1968  

P  14Q 

1  RRO 

40*? 

96 

•J,  f  f  o 

4  4*^7 

H,HO  / 

1  084 

9sn 

76  a 

16  6 

4.5 

1969  

2,225 

1,711 

407 

107 

5,677 

4,365 

1.038 

273 

76,9 

18.3 

4.8 

1970  

1  7QR 

497 

112 

S  R9Q 

4  '?9Q 

1  09Q 

970 

76  Q 

16  3 

4,8 

1971  

1  Q14 

474 

112 

R  79R 

4  '?R4 

1  OflR 

9S7 

76  6 

1Q  0 

4  S 

1972  

9  099 

R94 

84 

S  710 

4  '^QO 

1  1*^0 

76  Q 

1Q  Q 

3.2 

1973  

9  OR'^ 

7n 

118 

4  94R 

1  47S 

944 

71  2 

24  7 

4.1 

1974  

7'^R 

133 

S  7Q4 

4  19fl 

1  411 

71  2 

94  4 

4.4 

1975  

9  410 

1 

148 

Q9R 

4  1Q0 

1  47Q 

9S7 

70  7 

25.0 

4  3 

1976  

79Q 

9 

1  OlR 

164 

R  007 

4  lOfi 

*T,  1  \J\J 

1  637 

9fi4 

66  4 

27.2 

4.4 

1977  

4  nR7 

9  flOO 

1  0R7 

200 

R  0R7 

AMI 

1  'iQ9 

9Qn 

26  2 

4.9 

1978  

4  R9^ 

17R 

1  9n 

236 

R  44Q 

4  49fi 

1  6Q1 

68.7 

26  2 

5.1 

1979   . 

5,380 

3,628 

1,477 

275 

6,907 

4,657 

1,896 

353 

67.4 

27.5 

5.1 

1980  

R  077 

4  041 

1  RQR 

338 

7  171 

4  7RQ 

2  004 

66 

27  Q 

5.6 

1981  

6,846 

4,596 

1,865 

385 

7,345 

4,931 

2,001 

413 

67.1 

27.2 

5.6 

1982  

7,323 

4,882 

2,037 

404 

7,323 

4,882 

2,037 

404 

66.7 

27.8 

5.5 

1983  

7,877 

5,304 

2,146 

427 

7,557 

5,089 

2,059 

410 

67.3 

27.2 

5.4 

1984  

8,617 

5,735 

2,459 

423 

7.965 

5,301 

2,273 

391 

66.6 

28.5 

4.9 

1985  

9.686 

6,559 

2,673 

454 

8,684 

5,881 

2,397 

407 

eij 

27.6 

4.7 

1 986  

10,926 

7,495 

2,911 

COA 

9,542 

6,545 

2.542 

454 

68.6 

26,6 

4.8 

1987  

12,153 

8,398 

3,168 

587 

10,296 

7,115 

2,684 

497 

69.1 

26.1 

4.8 

1988  

13,465 

8,827 

3,993 

645 

11,072 

7,258 

3,283 

530 

65.6 

29.7 

4.8 

1989  

14,&87 

9,685 

4,581 

721 

11,825 

7,642 

3,614 

569 

64.6 

30.6 

4.8 

1990  (est.).  .  . 

16,000 

10,350 

4,845 

805 

12,137 

7,851 

3.675 

611 

64.7 

30.3 

5.0 

1991  (est).  .  . 

17,200 

11,100 

5,220 

880 

12,495 

8,064 

3,792 

639 

64.5 

30.3 

5.1 

'See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation,  National  Patterns  of  R&D  Resources:  1990,  NSF  90-316  (Washington,  DC; 
NSF,  1990);  and  unpublished  tabulations. 

See  figure  5-1 .  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  5-2. 

Support  for  academic  R&D,  by  sector:  1960-91 

(page  1  of  2) 


reuerdi 

State/local 

All  nthpr 
r>ii  uumr 

riscai  year 

1  O'ai 

ouvyiiinioni 

governmer* 

Industry 

II  lOlUUIIUI  lO 

Millions  of  current  dollars 

1960  

646 

405 

85 

4U 

52 

1961  

763 

500 

QC 

4U 

70 

58 

1962 

904 

613 

1  nc 
lUb 

4U 

79 

66 

1963  

1.081 

760 

1  lo 

A  i 
41 

89 

73 

1964  

1.275 

917 

Af\ 

4U 

103 

83 

1965  

1.474 

1.073 

1  >io 

A  1 

41 

124 

93 

1966  

1.715 

1.261 

156 

AO 

148 

108 

1967  

1.921 

1,409 

H  CA 

164 

A€X 
48 

181 

119 

1968  

2.149 

1.572 

1  "70 

172 

55 

218 

132 

1969  

2.225 

1,600 

197 

60 

223 

145 

1970  

.  .  .  2.335 

1.647 

219 

61 

243 

165 

1971  

2,500 

1.724 

255 

274 

177 

1079 

2  630 

1,795 

270 

^A 

74 

305 

187 

1973  

2.884 

1.985 

295 

o4 

318 

202 

1974  

3.022 

2,032 

OAT 

o07 

QC 

370 

219 

1975  

3.409 

2.288 

1  1  o 

1  To 

417 

259 

1976  

3.729 

2.512 

H  OO 

446 

285 

1977  

4.067 

2,726 

J74 

•4  OO 

ijy 

514 

314 

1978^  

4.625 

3.059 

>1 1  o 

4V 

1  /O 

625 

359 

1979  

5,380 

3.604 

476 

194 

738 

368 

1980  

6.077 

4.104 

4yo 

837 

403 

1981  

6.846 

4,565 

546 

291 

1,008 

436 

1  Qfl9 

7  323 

4,763 

616 

337 

1,1 15 

492 

1983  

7.877 

4.983 

626 

388 

1,303 

577 

1984  

8.617 

5.423 

690 

475 

1.413 

615 

1985  

9,686 

6.056 

754 

559 

1,622 

695 

1  QQ£i. 

0,f\)c. 

916 

699 

1  n7T 

1  00~7 

10  1  CO 

7  000 
/  .OOO 

1.024 

789 

9  1  7fi 

1  QttQ 

10  /IRC 

n  ifli 

1.107 

870 

2.367 

941 

1  QQCi 

1  A  Qfl7 

1.239 

984 

P  710 

1 .083 

1 R  nnn 

1.396 

1.100 

1 ,200 

1 7  onn 

Q  Rcn 

1.553 

1.250 

O.O  ij  1 

Millions  of  constant  1982  dollars^ 

- 

1960  

2.077 

1,302 

273 

129 

206 

167 

1961  

2.427 

1,590 

302 

127 

223 

184 

?  8?S 

1.916 

331 

125 

247 

206 

1963  

3,318 

2.332 

362 

126 

273 

224 

1964  

3.858 

2.775 

399 

121 

312 

251 

1965  

4.368 

3.179 

424 

121 

367 

276 

1966  

4.937 

3.630 

449 

121 

426 

311 

1967  

5.347 

3.922 

457 

134 

504 

331 

1968  

5.778 

4.227 

462 

148 

586 

355 

1969  

5  677 

4.082 

503 

153 

569 

370 

1970  

5.629 

3.970 

528 

147 

586 

398 

1971  

.  .  .  5,726 

3.949 

584 

160 

628 

405 

1972  

5.710 

3.897 

585 

161 

662 

406 

1973  

.  .  .  5.965 

4.106 

609 

174 

658 

418 

1974  

5.794 

3.896 

588 

182 

709 

420 

1975  

.  .  .  5.926 

3.978 

577 

196 

726 

450 

1976  

6.007 

4.046 

586 

198 

718 

459 

1977  

.  .  .  6.067 

4.067 

558 

207 

767 

468 

1978*  

6.449 

4,265 

574 

237 

871 

501 

19?9  

6.907 

4.627 

612 

249 

947 

472 

(continued) 
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Appendix  table  5*2. 

Support  for  academic  R&D,  by  sector:  1960-91 
(page  2  of  2) 


Federal 

btate/local 

Academic 

All  other 

Fiscal  year 

Tctal 

Government 

government 

Industry 

institutions 

sources 

 -  -  

   -  - 

Millions  of  constant  1982  dol'ars^ 

1979  

6.907 

4.627 

612 

249 

947 

472 

1980  

7.171 

4,843 

586 

278 

988 

476 

1981  

7.345 

4.898 

586 

312 

1,082 

468 

1982  

4,763 

616 

337 

1,115 

492 

1983  

7,557 

4.781 

600 

1.250 

554 

1984  

7.965 

5.012 

638 

too 

1.306 

568 

1985  

8.684 

5,430 

676 

1,454 

623 

1986  

9.542 

5,853 

600 

610 

1,636 

642 

1987  

10.296 

6,213 

666 

QUO 

666 

1.843 

704 

1988  

11 .072 

6.727 

910 

71B 

1.946 

774 

1989  

11.825 

7.079 

Q76 

776 

2.138 

854 

1990  (est.)'  

12.137 

7,017 

2,316 

910 

1991  (est.)*  

12.495 

7.010 

1,128 

908 

2,467 

981 

  .   

-  "  -  

"  Percent 

1960  

100 

62.7 

13.2 

6.2 

9.9 

8.0 

1961  

100 

65.5 

12.5 

5.2 

9.2 

7.6 

1962  

100 

67.8 

11.7 

4.4 

8.7 

7.3 

1963  

100 

70.3 

10.9 

3.8 

8.2 

6.8 

1964  

100 

71.9 

10.4 

?A 

8.1 

6.5 

1965  

100 

72.8 

9.7 

2.8 

8.4 

6.3 

1966  

100 

73.5 

9.1 

2.4 

8.6 

6.3 

1967  

100 

73.3 

8.5 

2.5 

9.4 

6.2 

1968  

100 

73.2 

8.0 

2.6 

10.1 

6.1 

1969  

100 

71.9 

8.9 

2.7 

10.0 

6.5 

1970  

100 

70.5 

9.4 

2.6 

10.4 

7.1 

1971  

100 

69.0 

10.2 

2.8 

11.0 

7.1 

1972  

68.3 

10.3 

2.8 

11.6 

•J  A 

1973  

100 

68.8 

10.2 

2.9 

11.0 

7.0 

1974  

100 

67.2 

10.2 

3.1 

12.2 

7.2 

1975  

100 

67.1 

9.7 

3.3 

12.2 

7.6 

1976  

100 

67.4 

9.8 

3.3 

11.9 

7.6 

1977  

100 

67.0 

9.2 

3.4 

12.6 

7.7 

1978'  

100 

66.1 

8.9 

3.7 

13.5 

7.8 

1979  

100 

67.0 

8.9 

3.6 

13.7 

6.8 

1980  

100 

67.5 

8.2 

3.9 

13.8 

6.6 

1981  

100 

66.7 

8.0 

4.3 

14.7 

6.4 

1982  

100 

65.0 

8.4 

4.6 

15.2 

0.7 

1983  

100 

63.3 

7.9 

4.9 

16.5 

7.3 

1984  

100 

62.9 

B.O 

5.5 

16.4 

7.1 

1985  

IOC 

62.5 

7.8 

5.8 

16.7 

7.2 

1986  

100 

61.3 

8.4 

6.4 

17.1 

6.7 

1987  

100 

60.3 

8.4 

6.5 

17.9 

6.8 

1988  

100 

60.8 

8.2 

6.5 

17.6 

7.0 

1989  

100 

59.9 

8.3 

6.6 

18.1 

7.2 

1990  (est.)'  

100 

57.8 

8.7 

6.9 

v?.t 

7.5 

1991  (est.)'  .  .  . 

100 

56.1 

9.0 

7.3 

19.7 

7.8 

'Relative  amounts  of  funds  from  state  and  local  governments  and  from  academic  institutions  are  estimated  from  previous  year's  ratio. 
^See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCES:  Science  Resources  Studies  Division,  National  Scie-'ce  Foundation.  Academic  Science/Engineering:  R&D  Expenditures,  Fiscal  Year  1989. 
NSF  90-321 .  Detailed  Statistical  Tables  (Washington.  DC:NSF.  1991);  and  annual  series. 

See  figures  5-1  and  5-2  and  figure  0-1 9  in  Overview.  Science  &  Engineering  Indicators  -  199 1 
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Appendix  table  5-3. 

Sources  of  R&D  funds  at  private  and  public  institutions,  by  sector:  1980  and  1989 


State  and 

Type  of  Federal  local  Academic  Other 
institution  Total  Government         government  Industry  institutions  sources 


      —  -Thousands  of  dollars   -  -  -  

1980 

Private   2,213.087  1,744,398  44,048  94.954  164.580  165.107 

Public   3.863.626  2.359.777  452.239  141.399  672.385  237,826 

1989 

Private   5,164,603  3,787,343  125,730  358,983  454,901  437,648 

Public   9.822.676  5,185,125  1.113,379  624,591  2,254,690  644.891 

 -  —  -    -  •-  Percent  —  

1980 

Private   100.0  78.8  2.0  4.3  7.4  7.5 

Public   100.0  61.1  11.7  3.7  17.4  6.2 

1989 

Private   100.0  73.3  2.4  7.0  8.8  8.5 

Public   100.0  52.8  11.3  6.4  23,0  6.6 


SOURCES:  Science  Resources  Studies  Division,  National  Science  Foundation,  Academic  Science/Engineering:  R&D  Expenditures,  Fiscal  Year  1989, 
NSF  90-321,  Detailed  Statistical  Tables  (Washington,  DC:  NSF.  1991);  and  annual  series. 
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Appendix  table  5-4. 

R&D  expenditures  at  the  top  100  universities  and  colleges,  by  source  of  funds:  1989 

(page  1  of  3) 


Institu- 

State and 

tional 

Federal 

local 

Academic 

All  other 

Academic  institutions'  ranking 

category 

Total 

Gov't 

gov't 

Industry 

Institutions 

sources 

Thousands  of  dollars 

—  - .- 

— .  .... 

Total,  all  Institutions'  

14,556,179 

8,550,551 

1,238.860 

983,574 

2,700,657 

1,082,539 

1  Massachusetts  Institute  of  Technology  

Private 

287.157 

215,140 

3.211 

39,650 

6.692 

22.464 

2  Cornell  University  

Private 

286,733 

157,984 

40,405 

16,627 

49,157 

22.560 

3  Stanford  University  

Private 

285,994 

238,650 

392 

13,764 

14,261 

18,927 

4  University  of  Wisconsin-Madison  

Public 

285,982 

169,452 

49.054 

11,035 

37,916 

18.525 

5  University  of  Michigan  

Public 

280.905 

174,875 

2,533 

22,023 

61 ,626 

19,848 

6  University  of  Minnesota  

Public 

268,614 

132,880 

42.542 

12,389 

43,713 

27,090 

7  Texas  A  &  M  University-all  campuses  

Public 

250,706 

93.584 

65,179 

21 ,204 

63,053 

7,686 

8  University  of  California-Los  Angeles  

Public 

227.828 

159.002 

3,479 

7,548 

32,975 

24.824 

9  University  of  Washington  

Public 

221,712 

182,453 

3,795 

19,135 

13,181 

3,148 

10  Pennsylvania  State  University- 

Public 

219.930 

114,fi46 

8,907 

30,256 

66,036 

85 

2.605,561 

1.638,666 

219,497 

193,631 

388,610 

165,157 

Public 

219,446 

159,906 

8,770 

6,226 

24,269 

20,275 

Private 

217.295 

168,267 

2.087 

11.013 

17,577 

18.351 

13  University  of  California-San  Diego  

Public 

216,991 

171.479 

3.288 

6.824 

19,057 

16,343 

14  University  of  Illinois-Urbana  

Public 

210,590 

114,398 

25.838 

15,785 

47.336 

7,233 

15  University  of  California-Berkeley  

Public 

209.967 

124,371 

7,154 

8,480 

59.984 

9.978 

Private 

209.519 

143.451 

1.135 

10.461 

16,602 

37.870 

17  University  of  Texas-Austin  

Public 

193,337 

94,311 

15.724 

2,694 

64,591 

16,017 

18  University  of  California-Davis  

Public 

180.297 

72,718 

10,322 

8,039 

79,601 

9,617 

19  Georgia  Inst,  of  Technology-all  campuses.  . 

Public 

174.664 

98,048 

1,093 

21,346 

54.177 

0 

20  University  of  Arizona  

Public 

174,119 

80,533 

7,257 

9.729 

66,070 

10.530 

Total,  1st  20  institutions  

4.611,786 

2,866,148 

302,165 

294,228 

837,874 

311,371 

21  University  of  Pennsylvania  

Private 

173.744 

123,810 

2,730 

9,582 

8.984 

28.638 

Private 

172.145 

146,712 

2,461 

r  408 

4,189 

13,375 

23  Yale  University  

Phvate 

171,139 

138.835 

920 

6.563 

9.736 

15,085 

24  Ohio  State  University-all  campuses  

Public 

162.690 

75.484 

32,949 

9.449 

26,640 

18,168 

25  University  of  Southern  California  

Private 

162.013 

119.005 

2,751 

14,716 

25,541 

0 

26  University  of  Maryland-College  Park  

Public 

149,510 

58,924 

43,675 

12.940 

33,971 

0 

Public 

145.953 

42,797 

36.081 

4.877 

60,675 

1,523 

Public 

143,694 

109.145 

1.692 

6.728 

12,175 

13,954 

29  Baylor  College  of  Medicine  

Private 

134.681 

69.336 

5,565 

7.263 

15.513 

37.004 

131,090 

99.036 

914 

12,551 

9,082 

9,507 

Total,  1st  30  Institutions  

6.158.445 

3,849,232 

431,903 

384.305 

1,044  380 

448,625 

31  North  Carolina  State  University-Raleigh  .  .  . 

Public 

128.891 

37.783 

45.487 

21.735 

21 .705 

2.181 

Private 

128.419 

96,829 

1,532 

13.500 

8.114 

8,*t44 

33  University  of  Florida  

Public 

125.770 

60,731 

10,180 

10,579 

38,144 

6.136 

34  University  of  Tennessee-System  Office.  .  .  . 

Public 

124,820 

57,763 

24,454 

6.636 

29,911 

6,056 

35  Rutgers  State  University  of  New  Jersey  ,  .  . 

Public 

124,574 

35,896 

26.369 

6,087 

50,305 

5,917 

36  Purdue  University-all  campuses  

Public 

124.323 

63,979 

17.641 

11.451 

25,954 

5.298 

37  University  of  Rochester  

Private 

123,997 

101,049 

6,088 

4,913 

2.779 

9.168 

38  Louisiana  State  University-all  campuses . . . 

Public 

122.357 

40,114 

37,182 

2,120 

32.750 

10,191 

39  University  of  North  Carolina-Chape!  Hill  .  .  . 

Public 

122.097 

93.280 

13.655 

579 

14.428 

155 

40  Michigan  State  University  

Public 

121,456 

51.741 

22,456 

4,068 

33,253 

9.938 

(continued) 
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Appendix  table  5-4. 

R&D  expenditures  at  the  top  100  universities  and  colleges,  by  source  of  funds:  1989 
(page  2  of  3) 


State  and 

Institutional 

reuerai 

local 

A  P9  Ho  in  IP 

All  nthor 

Mil  UIIIOl 

Academic  institutions'  ranking 

category 

Total 

vjOV  I 

gov't 

Industry 

llloUluUUUo 

-  Thousands  of  dollars 

—  -  •■ 

Total,  1st  40  Institutions  

7,405,149 

4,488.397 

636,947 

465,973 

1.301.723 

512.109 

.  Private 

118,991 

57.510 

831 

5.289 

45.008 

10.353 

Public 

111,265 

81.217 

1,190 

9.406 

8,148 

11,304 

'♦o  universiiy  oi  ividssacnuoeub'oyoieiTi  ^niuo . 

Public 

110,644 

10,337 

11.480 

27,383 

4,939 

Private 

109,429 

90.459 

558 

1,520 

9.075 

7,817 

Public 

109,328 

HD,  1  OH 

4,249 

4,996 

46.208 

7,691 

Public 

105,900 

74.271 

1,121 

10.301 

18,102 

2!  105 

Private 

104,451 

81.143 

798 

4,066 

7.727 

10,717 

Public 

104,266 

38.597 

36,412 

9.825 

16.841 

2,591 

49  Iowa  State  University  of  Science  &  Tech  .  . 

Public 

103,174 

28.895 

23,718 

4,408 

42.644 

3,509 

Private 

101,635 

65.079 

9,277 

18,976 

1.844 

6.459 

8.484.232 

5.108,257 

725,438 

546,240 

1.524.703 

579,594 

51  SUNY-Buffalo  

Public 

100,291 

64.453 

2,699 

1,759 

16.827 

14,553 

52  California  Institute  of  Technology  

.  .  Private 

98.731 

84.167 

202 

3.5d7 

7,772 

3,023 

Public 

98,302 

2.120 

6.602 

8,445 

12,931 

Public 

91,355 

49.112 

20.373 

2.285 

5,554 

14,031 

Private 

90,298 

101 

DO ,  1  U  1 

1,546 

4.702 

5  ROd 

15,345 

56  Case  Western  Reserve  University  

Private 

86,168 

68.632 

1,251 

2.915 

5,867 

7,503 

57  University  of  Texas-Cancer  Ctr,  MD  Andrn  . 

Public 

85,903 

28.992 

0 

0 

35.200 

21.711 

Public 

85,237 

43.288 

3,629 

5.333 

25,064 

7.923 

Public 

83,340 

61.819 

3,511 

2.700 

11.259 

4.051 

Private 

82.914 

47.176 

1.018 

5,640 

21,760 

7,320 

Total,  1  St  60  Institutions  

9,386,771 

5.687.201 

761,787 

581.743 

1,668,055 

687,985 

61  Indiana  University-all  campuses  

Public 

81 .793 

58.334 

833 

2,591 

15,120 

4,915 

62  University  of  Virginia  

Public 

81.281 

51.214 

7,006 

5.768 

10.196 

7,097 

bo  universiiy  oi  lexas-neaiin  oci  kju  uaiias  .  . 

.  .  Public 

79,920 

'^l  P54 

429 

6.938 

3,951 

17,348 

64  SUNY-Stony  Brook  

Public 

79,455 

49.726 

2.534 

o  Ann 
o.09o 

16,710 

7,392 

Public 

75.854 

Q70 

14,047 

11,183 

9,488 

5,166 

66  Woods  Hole  Oceanographic  Institute  

Private 

74,881 

64.333 

341 

916 

1,257 

8,034 

Private 

74,496 

58,224 

0 

0 

8.022 

8,250 

68  University  of  Missouri-Columbia  

Public 

74,055 

22,312 

11.210 

6.434 

29,864 

4,235 

Private 

73,945 

41,192 

297 

3.453 

17,442 

1 1 ,561 

70  University  of  Hawaii-Manoa  

Public 

70,733 

40.574 

24.759 

799 

3,686 

915 

10,153.184 

6.160,334 

823.243 

622,918 

1,783,791 

762,898 

Public 

69.944 

42,449 

12.125 

1.315 

13,087 

968 

72  University  of  Cincinnati-all  campuses  

Public 

69.831 

40,598 

2,910 

4.160 

14,019 

8.144 

73  University  of  Kentucky  

Public 

69.532 

27,010 

6,840 

5.819 

25,318 

4.545 

Public 

68.281 

22.006 

2,675 

1  ^  Q11 

1  flRR 

75  University  of  California-Irvine  

Public 

66.806 

46,492 

1.483 

4.582 

7,706 

6.543 

,  Private 

66.325 

56,402 

550 

2,555 

0 

6.818 

77  Vanderbilt  University  

Private 

65.218 

56.151 

576 

2.759 

2,081 

3.651 

Private 

64.713 

46.497 

2.242 

6.169 

1.904 

7.901 

Public 

64.351 

46.572 

7.992 

2,432 

4,708 

2.647 

.  .  Public 

60.973 

26.576 

2.824 

327 

29,246 

2.000 

(continued) 
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Appendix  table  5-4, 

R&D  expenditures  at  the  top  100  universities  and  colleges,  by  source  of  funds:  1989 

(page  3  of  3) 


State  and 

Institutional 

Federal 

local 

Academic 

All  rklKor 

MM  oiner 

Academic  institutions'  ranking 

category 

Total 

Gov't 

gov't 

Industry 

institutions 

sources 

—  -  

"  Thousands  of  dollars 

—   -■ 

Total,  l8t  80  institutions  

10,819,158 

6,574.884 

882,791 

655,711 

1 ,897,791 

807.981 

81  New  Mexico  State  University-all  campuses  . 

Public 

60,930 

45,660 

7,070 

6.242 

1.727 

231 

82  Wayne  State  University  

Public 

59,521 

28,167 

7,042 

3,850 

15,507 

4.955 

Public 

57,111 

2,674 

2,809 

84  CUNY-Mount  Sinai  School  of  Medicine  

Private 

56,856 

37,233 

957 

3,732 

5,767 

9,167 

Public 

56,701 

Oft  ftC^O 

2.101 

3,039 

o .  woo 

86  Clemson  University  

Public 

56,699 

12,484 

16,245 

3,849 

22,486 

1,635 

87  Florida  State  University  

Public 

55.245 

24,897 

1,566 

832 

25,449 

2.501 

88  Washington  Slate  University  

Public 

55,173 

22,697 

2,268 

2,258 

22,945 

5.005 

89  University  of  Medicine  &  Dentistry  of  NJ  ... 

Public 

54,451 

27,983 

9,421 

2,583 

9,166 

5,298 

Public 

53,956 

17,020 

3,052 

1,991 

24,226 

7,667 

11,385,801 

6,844,104 

935,187 

686,896 

2,070,573 

849,041 

Public 

53,814 

15,179 

13.570 

4,111 

17,667 

3.287 

Public 

53,670 

17,694 

20,334 

3,886 

5,416 

6,340 

Public 

53,655 

1 A  1 1 A 

1     1  1  o 

1,853 

1,645 

0*T,U  1  o 

94  Georgetown  University  

Private 

53,597 

37,351 

217 

4,370 

8,278 

3,381 

95  University  of  California-Riverside  

Public 

53,213 

15,584 

2,441 

1,094 

31 ,449 

2.645 

Public 

52,970 

23.934 

5,660 

2,496 

11,732 

9.148 

97  Tufts  University  

Private 

50,424 

40,771 

773 

8,010 

847 

23 

98  University  of  California-Santa  Barbara  

Public 

50,067 

39.227 

1.036- 

2,645 

4,878 

2,281 

99  Kansas  State  Univ.  of  Agrlc.  &  Applied  Sci  . 

Public 

47.302 

15.951 

21,133 

1.790 

6,384 

2.044 

100  Univ.  of  Texas-Health  Science  Ctr  Houston . 

Public 

46,860 

29,500 

5,668 

3,266 

1,694 

6,732 

Total,  1st  100  institutions  

11.901.373 

7,093,411 

1.007,872 

720,209 

2,193.531 

886,350 

These  figures  exclude  the  Applied  Physics  Laboratory  (APL)  at  Johns  Hopkins  University,  which  is  similar  lo  a  federally  funded  research  and 
development  center  and  dominates  the  R&D  performed  at  the  university. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  Academic  Science/Engineering:  R&D  Expenditures,  Fiscal  Year  1989, 
NSF  90-321.  Detailed  Statistical  Tables  (Washington,  DC:  NSF.  1991);  and  unpublished  tabulations. 

See  text  table  5-1 .  Science  &  Engineering  Indicators  -1991 
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Appendix  table  5-5. 

Federal  and  non-Federal  R&D  expenditures  at  universities  and  colleges,  by  field  and  source  of  funds:  1989 


Tola!  Federal  Non-Federar 


Field 

Thousands 
of  dollars 

Percent 

Thousands 
of  dollars 

Percent 

Thousands 
of  dollars 

Percent 

TOTAL  SCIENCE  AND  ENGINEERING  .... 

14,987,279 

100.0 

8.972,468 

59.9 

6,014.811 

40.1 

12,599,686 

84.1 

7,592.804 

60.3 

5.006.882 

39.7 

1 ,643,377 

11.0 

1.195.155 

72.7 

448.222 

27.3 

■1 Q7  114 

n  Q 

An  01 1 

R4  9 

4Q  10*^ 

RIO  'IQR 

d  1 

49*^  711 

RQ  4 

186  684 

30.6 

770  QQQ 

^  9 

CQ7  aaA 

77 

17*^ 

99  7 

199  flRQ 

85,769 

69.8 

37.100 

30.2 

214,248 

1.4 

155.929 

72.8 

58.319 

27.2 

ACsrj  790 

O.  1 

T17  flfl9 

B8  0 

149,847 

32.0 

0.0 

CQl 

R(^  R 

T^fl  94R 

^^4  4 

Atmospheric  sciences  

159.084 

1.1 

124.894 

78.5 

34.190 

21.5 

322,533 

2.2 

186.069 

57.7 

136.464 

42.3 

Oceanography  

357,663 

2.4 

265,923 

74.4 

91,740 

25.6 

143.657 

1.0 

67.805 

47.2 

75,852 

52.8 

Q  mc\  DKi 

A  779  P/11 

f^Q  1 

T  ^07  nin 

1  OQQ  (^OO 

o.O 

9R  n 

Q4T  fi^9 

7*^  ? 

9  ROQ  7*^0 

17  4 

1  71 Q  ft*Sfl 

889  901 

34  1 

3,836,616 

25.6 

2,505.391 

65.3 

1.331,225 

34.7 

Other  

343,954 

2.3 

201.702 

58.6 

142.252 

41.4 

237,945 

1.6 

156,260 

65.7 

81.685 

34.3 

A  O 

911  174 

T1  9 

49*^  iQfl 

RR  R 

H  QA  ^7^ 

1  9 

en  477 

97  1 

1  RQQ 

79  Q 

^  no  ACQ 

n  7 

90  1 01 

97  n 

7fl  Q4n 

71  0 

1  1  Q 

u.o 

CO  Qn9 

44  *^ 

6*S  75? 

55.5 

OOQ  Q7Q 

1 

7fl  779 

Ou.O 

1 44  fin7 

R4  7 
wit.  / 

337,227 

2.3 

138.872 

41.2 

198.355 

58.8 

2,387.593 

15.9 

1.379.664 

57.8 

1.007,929 

42.2 

Aeronaulical/astronautical  

146,548 

1.0 

113.109 

77.2 

33.439 

22.8 

185.087 

1.2 

92.947 

50.2 

92.140 

49.8 

249,552 

1.7 

104,108 

41.7 

145.444 

58.3 

600.016 

4.0 

388.700 

64.8 

211,316 

35.2 

340.280 

2.3 

209.711 

61.6 

130,569 

38.4 

866,110 

5.8 

471.089 

54.4 

395,021 

45.6 

'See  appendix  table  5-2  for  detail  on  non-Federal  sources. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation,  Academic  Science/Engineering:  R&D  Expenditures.  Fiscal  Year  1989. 
NSF  90-321,  Detailed  Statistical  Tables  (Washington,  DC'  NSF,  1991);  and  unpublished  tabulations. 
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Field 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

TOTAL  SCIENCE  &  ENGINEERING .  .  . 

5,379,917 

6,076,713 

6,846,302 

7,322,745 

Thousands  of  currer 
7.876,861  8,616,682 

dollars 
9.686.358 

10.925,519 

12,153,437 

13,465,094 

14.987.279 

4,604,364 

5.203,539 

c  o^n  ceo 

5,869,568 

b,2o1  .oob 

6,746.534 

7.387,668 

Q  071  A'^R 
tifdfl  ,»fOD 

1 1  171  QOd 

1 2  599 

Astronomy  

Other   

602,106 
48.492 
206,353 
292.366 
54,895 

677.407 
58.625 

f^AO  fx  AO 

24o,y4o 
322,760 
52.079 

/  bb,Jbo 
67,259 

357,151 
56.252 

73,125 

oUo,U0O 

366,833 
75,347 

899,695 
73,442 
334,982 
417,037 
74,234 

999,672 
80,474 
371,484 
473,591 
74,123 

1 ,  \  *f  1  ,  #00 

96,083 

550,834 
79,793 

101,795 

630.244 
84.658 

108.429 
513,102 
666.568 
102.843 

1 .547.21 6 
124.438 
587.822 
732,486 
122,470 

1  643  3/7 
137.114 
610,395 
772.999 
122,869 

Mathematical  sciences  

77.822 

78,108 

87,099 

96.459 

106,440 

123,261 

128,031 

151,904 

176,871 

198,833 

214,248 

Computer  sciences  

97.701 

113,390 

132,542 

149.101 

175,902 

224,637 

00,0  700 

TOO  Q7/1 

171  OflR 

467,729 

Environmental  sciences  

Atmospheric  sciences  

Earth  sciences  

Oceanography  

Other  

452,831 
NA 
NA 
NA 

452,831 

508,262 
75.898 
188.570 
176,313 
67,481 

549,273 
87,357 
190,238 
191,995 
79,683 

557.353 
86,668 
195,272 
198,202 
77,21 1 

615,892 
98,636 
216,245 
223.931 
77.080 

643,946 
102.010 
227,768 
236,784 
77.384 

703,180 
107,696 
253,931 
257,973 

con 

772,605 
120.057 
274,525 
279,992 

QQ  O'^l 

830,819 
128,?45 
284,091 
299,949 

884,522 
133,668 
294,559 
333,282 
1P1  r^ii 

982,937 
159,084 
322,533 
357.663 
143,657 

Life  sciences  

Agricultural  sciences  

Biological  sciences  

Medical  sciences  

Other  

2.847.512 
612.256 
912,418 

1.246.579 
76,259 

3,230,619 
689,127 
1.027.542 
1.422.915 
91,035 

3,698.138 
789,574 
1.185,643 
1.612.621 
110,300 

4,Ulb.l  1 3 
864.681 
1,282.740 
1,745,615 
123,077 

4,303,519 
921.445 
1.414.501 
1,835.875 
131,698 

4.712.815 
954,565 
1.567.350 
2.040.616 
150.284 

999,674 
1./74,357 
2.327.268 

180,733 

1.089,949 
1,937.994 
2,625,341 
239.369 

fi  '^IP  7P4 
1,120,938 
2.132.208 
3,015.867 
263,71 1 

7  057  860 
1,181.841 
2,372.832 
3.387,914 
315.273 

8  079  851 
1,289,522 
2,609.759 
3.836,616 
343.954 

Psychology  

99.694 

1 10.108 

126,935 

130,609 

135.669 

145,525 

1  70  70*^ 
1  i\J,  /\JD 

i  Q7  Qfli 
1  o  /  ,oo  1 

P11  Qflg 

237,945 

Social  sciences  

Lxonomics  

Other  

293.245 
83.349 
44.641 
74.309 
90.946 

339.550 
90.942 
54.476 
87.699 

106.433 

365.648 
98.800 
55.403 
93.955 

117.490 

353.023 
95,1 16 
60.213 
78.805 

118,889 

.  344.642 
98.088 
54.624 
77.102 
114.828 

358.317 
108.494 
56,110 
70,319 
123,394 

382.844 

A  A~t  QQQ 

59.379 
75.334 
130,143 

462.472 

1  7RR 
1  OD.  /DD 

68.835 
96.608 
161.263 

502.098 

81,221 
96.627 
174,565 

553.238 
1fi4  14P 
87.027 
110.580 
191,489 

636.372 
1 86  376 

108.063 
118.554 
223,379 

133,453 

146,095 

144.575 

155,865 

164,775 

179,495 

186,360 

228,106 

271.524 

307.407 

337.227 
(continued) 
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Field 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Thousands  of  current 

dollars 

Total  enQineerIng  

775.553 

873.174 

976.734 

1.040.859 

1  1  in 

1 , 1  oU,o<i  / 

1,229,014 

1.414,922 

1.638.228 

1.887.492 

2.091,190 

2,387.593 

NA 

53.096 

58.532 

65.160 

69.916 

71.831 

82.229 

93.530 

110.065 

124.737 

146.548 

NA 

60,874 

79,235 

83.808 

91,174 

96,095 

109,782 

126,197 

140,649 

154,169 

185.087 

Civil  

NA 

83.231 

108.608 

115.800 

126,465 

139.609 

153,141 

178.745 

192,334 

226.832 

249.552 

NA 

193.976 

203,569 

224.461 

261.809 

294,836 

337.479 

oy4,yu4 

A  AQ  ~T  "7  A 

44y.77U 

CA7  QQ>1 

ou/ ,oy4 

AAA  nif\ 

NA 

140,335 

140.582 

142.388 

148,820 

178,361 

206.894 

OO^  AO  A 

227,031 

'1"70  OACi 

OAA  QQC 

OACi  OSkf\ 
o4U,<ioU 

Other  

NA 

341,662 

386,208 

409.242 

432,1 4o 

448,282 

525.397 

b17,o2i 

7<:i, oo4 

77C  C7n 

oOO.l  lU 

Thousands 

of  constant  1982  dollars' 

TOTAL SClLiNCE  &  ENGINEERING.  ♦  . 

6,906.546 

7,170.942 

7.345.364 

7,322.745 

"7  nCA  OQO 

Q  dQA  TA  K 

9.541.111 

10,296.590 

11.071,623 

11.825.067 

Total  sciences  

5,910.919 

6.140.537 

6.297.431 

6.281 .886 

6.828,321 

7,416,133 

8.110.468 

8,697,476 

9,352,150 

9,941,240 

772,962 

799.387 

821,149 

823.363 

863,162 

923.983 

1.029,052 

1.123,022 

1.178.429 

1.272.193 

1.296,636 

Astronomy  

62.252 

69.182 

72.162 

73.125 

70,460 

74.381 

86.148 

88.896 

91,863 

102.319 

108.184 

264.909 

287,870 

305,449 

308.058 

321,380 

o4o.obo 

'377  /1P7 

A  An  Q  4  o 
4Uy.ol2 

A*ZA  7AQ 

AC\Q.  QQA 

AQA  RHR 
40  1  ,DUD 

Physics  

375.329 

380.879 

383.186 

366.833 

400,103 

437,734 

493.875 

CCA  OQyf 

bbU.oo4 

CO/*  707 
004.  f  df 

CAn  OQA 

CAQ  QAO 

Other  

70.472 

61,457 

60,352 

75.347 

71 ,220 

CO  Ci  H 

Oo.D  1 1 

71  t^AO 

^o  no  H 

73.931 

Q7  i  OA 

1  A  A  7n  i 

no  QAA 

yD,y44 

Mathematical  sciences 

99,905 

92.173 

93.448 

96.459 

102,118 

113,928 

114.792 

132.656 

149.848 

163.490 

169.043 

125.425 

133,808 

142,204 

149,101 

168,759 

207.629 

253.487 

n o  ^  ncn 

281 .962 

o  ■<  e  Aoc 

316.085 

Q07  i 

oo/,o  1  1 

OCn  f\A  1 

Environmental  sciences  

581,328 

599.784 

589.312 

'357,353 

cnA  ooo 

byo.i  yi 

COA  ylCQ 

boU.4bo 

7AO  QQO 

707  OQCi 

77*^  fkAA 

Atmospheric  sciences  

NA 

89.565 

93.725 

86.668 

94.631 

94.286 

96.560 

4  f\A  O  A  A 

1U4.044 

■i  AQ  70C 

1Uo,7ob 

4  AQ  QAQ 

iuy,yuo 

4  nc  cm 

Earth  srionres 

NA 

222.526 

204,105 

195.272 

210.523 

227.673 

239,739 

240.687 

242.200 

254.481 

NA 

208.062 

205.991 

198.202 

214.838 

218.856 

231.297 

244.513 

254,122 

274,040 

282.199 

Other  .... 

581.328 

79.632 

85.492 

77.211 

73.950 

71.525 

74.937 

85.609 

100.339 

101,147 

113.346 

Life  sciences  

3.655.535 

3.812.354 

3.967.714 

4.016.113 

4.128.770 

4.355.991 

4.735.846 

5.145,976 

c  tzn A  coA 

C  0^7  TA  Q 

C  07C  ACQ 

Aqricultural  sciences  

785.992 

813.218 

847.130 

864,681 

884.029 

882.291 

896.303 

nc -4  ooo 

951  ,odo 

n^in  C"7"7 

y4y,b77 

Q71  TdA 
y  /  1  ,/D4 

1  A1  7  AA*^ 

Biological  sciences  

1.171.330 

1.212.571 

1.272,071 

1 .282.740 

H    OC  ^  AC  A 

1  .v3b7.0b4 

1.448.680 

1,590.881 

■i  con  vine 

1  .by2.42o 

4  QAC  AAA 

.oUD,441 

4  Qci  Acn 

0  AC^Q  1  i  tt 

-c.uoy.i  lo 

1,600.314 

1.679.138 

1.730.173 

1,745.615 

1.761,327 

1.886.114 

2.086.618 

n  nnn 

2.2y2.b7b 

n  ccc  Ann 

2.bbb.uy2 

n  7QC  7AA 

Q  n07  117 

Othpr 

97.899 

107.428 

118.340 

123.077 

126.350 

138,905 

162.044 

209,038 

223.420 

259,232 

271.382 

127,984 

129.935 

1  Jb,  lOO 

iou,buy 

130.160 

134.507 

142. U  1 

14Q  Old 

I^^Q  17fi 

175,952 

187,740 

3  '6.458 

400,693 

392.302 

353,023 

330.647 

331.188 

343.256 

403,871 

425.386 

454,898 

502.102 

t-conomics  

IG'.OOO 

107.318 

106,002 

95,116 

94.105 

100.280 

105.788 

118,563 

126,816 

134.965 

147.052 

Political  science  

5  /  309 

64.285 

59.442 

60.213 

52.406 

51.862 

53.239 

60.113 

68,812 

71.558 

85.262 

Sociology  

95.J95 

103.491 

100.804 

78.805 

73.971 

64.995 

67.544 

84.366 

81,864 

90,924 

93.540 

Other  

116.7;)3 

125,598 

126.054 

118,889 

110,165 

114.051 

116,686 

140,829 

147.894 

157.451 

176.248 

171.322 

172.402 

155,114 

155.865 

158.084 

165,905 

167,090 

199,202 

230.040 

252.764 

266.074^ 

■1. 
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rieid 

1  Q7Q 

1  QflO 

1  you 

1  Qni 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Thousands 

of  constant 

1 982  dollars 

995,627 

1.030,406 

1,047,933 

1 ,040,859 

1,084,429 

1.135.961 

1,268.613 

1,430,643 

1.599,114 

1,719.473 

1.883,827 

NA 

62,657 

62,799 

65,160 

67,077 

66.392 

73,726 

81 ,679 

93,249 

102.565 

115,627 

NA 

71,836 

85.01 1 

83.808 

87,4'72 

88,819 

98,430 

110,206 

119,160 

126.765 

'  ''6,035 

NA 

98,218 

116,525 

115.800 

121,330 

129,039 

137,306 

156,096 

162,948 

186,512 

196.898 

NA 

228,905 

218,408 

224,461 

251.178 

272,513 

302,582 

344,864 

381,052 

417,614 

473,417 

NA 

165.605 

1 50,830 

142,388 

142,777 

164,857 

185,500 

198,263 

231,578 

247,402 

268,483 

NA 

403,185 

414,361 

409,242 

414,595 

414,341 

471,069 

539,535 

611.126 

638,616 

683,367 

NA  -  not  available 

Sec  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCES  Science  Resources  Studies  Division.  National  Science  Foundation.  Academic  Science/Engineering:  R&D  Expenditures.  Fiscal  Year  1989.  NSF  90-321.  Detailed  Statistical  Tables  (Washington.  DC:  NS'-.  1991); 
and  annual  series. 

See  figure  5-3  Science  &  Engineering  Indicators  -  I99t 
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Appendix  table  5-7. 

Federal  financing  of  academic  R&D  funds,  by  field:  1973-89 


Field  1973     1974     1975     1976     1977     1978     1979     1980     1981      1982     1983     1984     1985     1986     1987     1988  1989 


Percentage  federally  financed 


1  kJ  I  ML  OOICINV^C  rMNL/  CINVJlllNCCnHNVJl   .  .  .  . 

R7  ? 

R7  1 

R7  4 

67  0 

66  P 

67.0      67.5      66.7  65.0 

63.3 

62.9 

62.5 

61.3 

60.3 

60.8 

59.9 

Physical  sciences  ...   

81.8 

81.0 

81.4 

80.5 

80.0 

79.6 

81.5 

81.9 

80.8 

78.9 

77.7 

78.2 

77.5 

76.4 

75.3 

74.6 

72.7 

d 

70  0 

7T  4 

RQ  R 

71  ft 

71.6 

74.8 

75.6 

71.0 

70.6 

68.0 

66.1 

67.0 

68.5 

65.7 

65.5 

64.2 

r^Homic  tr\i 

7R  1 

7fi  fi 

76  8 

77  0 

76  2 

75.8 

75.8 

77.7 

76.0 

74.7 

73.8 

75.1 

74.2 

72.0 

71.7 

71.3 

69.4 

R7  1 

RR  R 

RR  4 

RR  T 

85.2 

84.9 

86.4 

86.8 

86.5 

83.6 

82.1 

82.4 

82.3 

81.0 

79.7 

78.6 

77.3 

Othor 

7Q  7 

74  4 

77  7 

77  2 

7T  7 

72.6 

82.7 

78.7 

81.1 

81.2 

80.4 

80.1 

75.0 

75.8 

75.1 

74.7 

69.8 

Math  and  computer  sciences  

73.8 

75.7 

76.3 

75.6 

72.5 

68.6 

73.9 

720 

73.4 

72.8 

72.3 

73.3 

71.2 

73.1 

70.6 

71.9 

69.5 

77  ^ 

7R  4 

7R  R 

77  4 

77  7 

7R  7 

77.6 

78.4 

77.7 

74.4 

71 .8 

74.9 

75.8 

75.3 

74.3 

75.0 

72.8 

RQ  Q 

7T  P 

74 

74  0 

67  6 

62  2 

70.9 

67.6 

70.5 

71.7 

72.6 

72.5 

69.2 

72.0 

68.9 

70.4 

68.0 

7*^  9 

71  7 
#1.1 

70  R 

1  \J.O 

7T  4 

74  7 

72.7 

72.6 

73.2 

71.1 

70.1 

69.1 

69.1 

67.2 

66.7 

65.1 

65.9 

65.6 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

84.2 

77.0 

80.0 

78.5 

80.8 

79.9 

81.3 

82.5 

81.7 

78.5 

Earth  sciences  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

69.7 

67.2 

65.0 

62.4 

61.5 

60.7 

58.3 

56.2 

59.2 

57.7 

Oceanography  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

77.6 

77.9 

77.4 

76.6 

76.4 

72.7 

74.3 

72.6 

71.6 

74.4 

Other  

75.2 

71.7 

70.8 

73.4 

72.7 

72.6 

58.7 

57.7 

53.2 

54.0 

53.8 

53.6 

50.1 

48.7 

49.2 

47.2 

RR 

R4  R 

RR  1 

RR  7 

RR  T 

6'^  Q 

64.0 

64.8 

63.9 

62.3 

60.1 

60.0 

60.3 

59.2 

58.6 

59.5 

59.1 

^4  1 

9Q  4 

?R  A 

30.5 

31.1 

297 

29.5 

28.4 

28.2 

29.4 

26.8 

26.5 

27.3 

26.8 

71  R 

71  7 

7? 

74  R 

72  ft 

72.6 

74.0 

73.0 

71.4 

69.5 

69.5 

67.9 

67.4 

66.2 

67.0 

65.9 

Medical  sciences  

75.3 

75.9 

75.6 

75.5 

74.9 

73.1 

73.7 

74.4 

73.7 

71.7 

68.7 

67.3 

67.8 

66.4 

65.1 

65.4 

65.3 

Other  

70.3 

72.5 

71.8 

72.6 

71.7 

70.6 

70.1 

67.4 

67.6 

63.8 

60.8 

62.8 

60.0 

61.3 

59.7 

60.1 

58.6 

Psychology  

79.5 

78.9 

76.8 

76.2 

74.8 

71.4 

72.3 

73.3 

72.7 

68.2 

66.1 

67.4 

67.0 

67.0 

66.1 

65.8 

65.7 

«^7  T 

(^R  Q 

R?  7 

R1  R 

R1  1 

53.0 

53.8 

51.0 

45.7 

42.6 

39.9 

40.1 

37.4 

33.5 

34.0 

33.2 

47  R 

4R  R 

4R  ? 

HO.  t 

44  R 

4*^  R 

4R  1 

48.4 

48.9 

45.4 

43.7 

39.5 

39.1 

37.0 

33.5 

29.0 

30.0 

27.1 

/in  A 

44  n 

41  R 

4?  0 

4R  0 

4?  1 

46.0 

43.4 

42.0 

37.3 

36.8 

33.9 

33.3 

29.5 

29.7 

28.9 

27.0 

R^  R 

R^  1 

RR  R 

R?  1 

61  1 

LI  1  .  1 

61 .0 

63.7 

65.0 

60.7 

58.6 

55.6 

54.3 

53.3 

51.3 

466 

44.4 

44.5 

K1  n 

Rn  n 

RR  Q 

R4  R 

R?  Q 

RO  6 

51.9 

54,0 

52.3 

42.9 

39.3 

35.1 

38.4 

35.6 

31.9 

33.9 

35.3 

Otiier  sciences  ...   

58.7 

57  1 

57.2 

59.5 

54.9 

57.4 

54.9 

53.6 

56.6 

56.5 

52.7 

48.5 

49.3 

47.1 

460 

43.4 

41.2 

f-inginef?riru) 

71.5 

69.0 

68  1 

67.3 

67.6 

679 

68.7 

69.0 

687 

67.6 

65.9 

64.0 

61.2 

59.6 

58.7 

58.6 

57  8 

Aerofiautical/astronautical  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

79.5 

81.8 

806 

80.4 

79.4 

78.5 

78.8 

76.0 

77.8 

77.2 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

644 

64.0 

59.7 

57.6 

57.1 

53.4 

53.6 

49.5 

50.6 

50.2 

Civil  .   

NA 

NA 

NA 

NA 

NA 

NA 

NA 

64.1 

568 

51.4 

50.4 

51.9 

51.6 

49.7 

47.1 

46.1 

41.7 

E:U'ctncal  electronic  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

77.1 

76.6 

77  4 

73.8 

71.0 

67.7 

65.9 

64.7 

64.8 

64.8 

Mechanical 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

670 

67.5 

68.4 

67.2 

66.5 

64.6 

64.9 

64.8 

63.3 

61.6 

Other   

NA 

NA 

NA 

NA 

NA 

NA 

NA 

657 

67.4 

66.1 

64.5 

61.2 

57.3 

54.7 

55.0 

54.8 

54.4 

SOUMcr  S  SfKM.co  Husuiircos  Studies  Division.  National  Science  Foundation.  Acadonvc  Saence/Engincenng:  R&D  Expenditures.  Fiscal  Year  1989.  NSF  90*321.  Detailed  Statistical  Tables  (Washington.  DC:  NSF.  1991): 
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Appendix  table  5-8. 

Federal  obligations  for  academic  R&D,  by  agency:  1971-91 
(page  1  of  2) 


 :  

National 

National 

Department 

National 

uepanmeni 

uepanmeni 

All 
Mil 

Total 

Institutes 

Science 

of 

Aero  &  Space 

OT 

OT 

other 

agencies 

01  Heaiin 

Foundation 

Defense 

Administration 

energy 

Myricuiiure 

dyencie 

Millions  of  current  dollars 

1971  

  1 .645 

603 

267 

21 1 

134 

94 

72 

264 

1Q70 

1  Qn4 

/  sJ\J 

^RP 

217 

1 19 

85 

87 

277 

1973  

  1.917 

761 

374 

204 

1 1 1 

83 

94 

289 

1974  

  2.214 

1.027 

389 

197 

99 

94 

95 

312 

1975  

  2.411 

1.077 

435 

203 

108 

132 

108 

348 

1976  

  2.552 

1.185 

437 

240 

1 19 

145 

120 

307 

1977  

  2.905 

1.311 

511 

273 

118 

188 

140 

364 

1978  

  3.375 

1.493 

537 

383 

127 

240 

186 

408 

1979  

  3.889 

1.765 

617 

438 

139 

260 

200 

470 

1980  

  4.263 

1.888 

685 

495 

158 

285 

216 

536 

1981  

  4.466 

1.984 

702 

573 

171 

300 

243 

492 

1  QPO 

9  DPR 

71  R 

664 

186 

277 

255 

483 

1983  

  4,966 

2,264 

783 

724 

189 

297 

275 

434 

1984  

  5.547 

2.560 

880 

830 

204 

321 

261 

491 

9  Q74 

1  nno 

940 

237 

357 

293 

536 

1986  

  6.559 

3.044 

992 

1.098 

254 

345 

274 

553 

1987  

  7.337 

3.638 

1,096 

1.017 

294 

386 

280 

.  626 

1988  

  7.828 

3.886 

1.143 

1.071 

338 

406 

305 

678 

1989  

  8.672 

4.157 

1.254 

1.189 

434 

454 

328 

858 

1990  (esl.)  

  8.748 

4.143 

1.317 

1.049 

493 

441 

346 

959 

1991  (est.)  

...  9.191 

4.339 

1.478 

1.069 

533 

429 

364 

980 

Millions  of  constant  1982  dollars' 

1971  

  3.767 

1.382 

611 

483 

307 

215 

165 

604 

1  0*70 

A  1  n 

1 

1  ,D*f  1 

787 

471 

258 

183 

190 

602 

1973  

  3.964 

1.574 

775 

421 

230 

171 

195 

598 

1974  

  4.245 

1.969 

746 

378 

190 

180 

182 

599 

1975  

  4.207 

1.878 

759 

355 

188 

230 

189 

608 

1976  

  4.111 

1,908 

703 

387 

192 

234 

193 

494 

1977  

  4.335 

1.956 

762 

408 

175 

281 

209 

543 

1978  

  4.705 

2.082 

749 

534 

177 

335 

260 

568 

1979  

  4,992 

2.266 

792 

562 

178 

334 

256 

604 

1980  

  5.031 

2.228 

808 

585 

186 

336 

255 

633 

1981  

  4.791 

2.129 

753 

615 

184 

322 

260 

528 

A  QQO 

A  Rni^ 

715 

664 

186 

277 

255 

483 

1983  

  4.765 

2.172 

751 

695 

182 

285 

264 

416 

1984  

  5,127 

2.366 

814 

767 

188 

297 

241 

454 

1985  

  5.684 

2.667 

898 

843 

213 

320 

263 

481 

1986  

  5.728 

2.658 

866 

959 

222 

301 

239 

483 

1987  

  6.216 

3.083 

929 

862 

249 

327 

237 

530 

1988  

  6.436 

3.195 

940 

881 

278 

334 

251 

558 

1989  

  6.842 

3.280 

989 

938 

342 

358 

259 

677 

1990  (esl.)  

  6.636 

3.143 

999 

796 

374 

335 

262 

727 

1991  (est.)  

.  6.676 

3.152 

1.073 

777 

387 

312 

264 

712 

(continued) 
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Appendix  table  5-8. 

Federal  obligations  for  academic  R&D,  by  agency:  1971-91 

(page  2  of  2) 


National 

National 

Department 

National 

uepanmeni 

Department 

All 

All 

Tola! 

Institutes 

Science 

of 

Aero  &  Space 

Of 

Of 

other 

agencies 

of  Health 

Foundation 

Defense 

Administration 

Energy* 

Mgrtcuiiure 

agencies 

Percent 

1971  

  100 

36.7 

16.2 

12.8 

8.2 

5.7 

4.4 

16.0 

ion 

11.4 

6.3 

d  d 

4  6 

14.6 

1973  

  100 

39.7 

19.5 

10.6 

5.8 

4.3 

4.9 

15.1 

1974   

  100 

46.4 

17.6 

8.9 

4.5 

4.2 

4.3 

14.1 

1975  

  100 

44.6 

18.0 

8.4 

4.5 

5.5 

4.5 

14.4 

1976  

  100 

46.4 

17.1 

9.4 

4.7 

5.7 

4.7 

12.0 

1977   

  100 

45.1 

17.6 

9.4 

4.0 

6.5 

4.8 

12.5 

1978  

  100 

44.2 

15.9 

11.4 

3.8 

7.1 

5.5 

12.1 

1979   

  100 

45.4 

15.9 

11.3 

3.6 

6.7 

5.1 

12.1 

1980  

  100 

44.3 

16.1 

11.6 

3.7 

6.7 

5.1 

12.6 

1981  

  100 

44.4 

15.7 

12.8 

3.8 

6.7 

5.4 

11.0 

1  D.D 

14.4 

4.0 

10  S 

1983  

  100 

45.6 

15.8 

14.6 

3.8 

6.0 

5.5 

8.7 

1984   

  100 

46.2 

15.9 

15.0 

3.7 

5.8 

4.7 

8.8 

Afi.  Q 

\  D,0 

14.8 

3.7 

D.\J 

d  f> 

1986  

  100 

46.4 

15.1 

16.7 

3.9 

5.3 

4.2 

8.4 

1987   

  100 

49.6 

14.9 

13.9 

4.0 

5.3 

3.8 

8.5 

1988   

  100 

49.6 

14.6 

13.7 

4.3 

5.2 

3.9 

8.7 

1989   

  100 

47.9 

14.5 

13.7 

5.0 

5.2 

3.8 

9.9 

1990  (est)  

  100 

47.4 

15.1 

12.0 

5.6 

5.0 

3.9 

11.0 

1991  (est)  

  100 

47.2 

16.1 

11.6 

5.8 

4.7 

4.0 

10.7 

NOTE:  Percentages  may  not  total  100  because  of  rounding. 

'Atomic  Energy  Commission,  1971-73;  Energy  Research  and  Development  Administration,  1974-76;  Department  of  Energy.  1977-91. 
''See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCES:  Science  Resources  Studies  Division,  National  Science  Foundation,  Federal  Funds  for  Research  and  Development:  Fiscal  Years  1989.  1990, 
and  1991,  NSF  90-327  Final,  Detailed  Statistical  Tables  (Washington,  DC:  NSF,  1991);  and  annual  series. 
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Appendix  table  5-9. 

Federal  academic  R&D  obligations,  by  tead  agency  and  field:  1971-89 
(page  1  of  2)  |  ^ 


Lead 

1971 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Percentage  from  lead  agency 

53.0 

HHS 

44.8 

47.4 

40  .J 

04.1 

Do.  / 

51.8 

49,0 

50,8 

48.7 

47,9 

46.3 

47.0 

49.2 

49,6 

49.7 

53.0 

53.5 

NSF 

20.4 

27.9 

29.0 

31.6 

35.9 

36.2 

35.2 

34.5 

36.6 

35.6 

32.9 

37.2 

36.6 

39.0 

38.8 

37.0 

36.9 

36.5 

35.8 

NASA 

74.7 

74.5 

73.3 

69.8 

67.2 

65.1 

59.8 

61.3 

66.9 

69.9 

74.1 

64.3 

66.3 

65.1 

61.8 

62.8 

64.9 

65.8 

68.6 

NSF 

25.2 

32.6 

32.0 

30.6 

38.9 

37.0 

36.5 

35,6 

37,7 

37.8 

33.8 

36.3 

36.9 

38.9 

38,9 

37.5 

38.7 

38.9 

39.8 

DOE 

30.0 

30,3 

30.0 

34.4 

34.8 

33.7 

38.'^ 

39.5 

41.8 

42.2 

45.8 

44.7 

46.7 

46.5 

45.7 

44.1 

43.6 

43.3 

41.3 

NSF 

0.0 

1.0 

1.4 

2.1 

40.1 

46.1 

35.9 

49,4 

50.4 

67,9 

72.8 

79.4 

77.4 

77.4 

71.8 

72,7 

70.6 

69.9 

71.0 

Field 


TO  I AL  SCIENCE  AND  ENGINEERING. 


Physical  sciences. 
Astronomy  .  .  , 
Chemistry  .  .  . 

Physics  

Other  


Math  and  computer  sciences. 
Mathematical  sciences.  .  . 
Computer  sciences  


Environmental  sciences  . 
Atmospheric  sciences 

Earth  sciences  

Oceanography  

Other  


Life  sciences  

Agricultural  sciences 
Biological  sciences  . 
Medical  sciences .  .  . 


Psychology 


Social  sciences  .... 

Economics  

Political  science.  . 

Sociology  

Anthropology.  .  .  . 

Linguistics.  

History  of  science 
Other   


Other  sciences. 


NSF 

39.5 

43.9 

47.3 

45.7 

45.4 

40.4 

48.9 

50.6 

57.6 

50.2 

52.4 

50,8 

50.9 

53.8 

53.4 

53.4 

53.1 

50.8 

54.0 

NSF 

NA 

NA 

NA 

NA 

NA 

NA 

41.8 

50.6 

53.2 

46.0 

49.1 

47.6 

47.7 

50.3 

49.2 

52.5 

55,1 

55,4 

60.4 

NSF 

NA 

NA 

NA 

NA 

NA 

NA 

62.0 

52.3 

66,2 

58,4 

61.3 

56.8 

56,4 

59.4 

58.4 

56.7 

52.6 

45.9 

48.5 

NSF 

32.5 

41.4 

44.2 

48.4 

50.1 

48.1 

39.1 

39.1 

38.9 

37.5 

42.1 

43.5 

45.5 

44.7 

42.0 

41.1 

41.0 

41.0 

40.2 

NSF 

31  0 

35.4 

41.2 

38.0 

46.0 

45.2 

29.7 

33.4 

32.5 

38.6 

34.9 

36.9 

38.9 

41.1 

35.0 

38.0 

41.5 

36.4 

37.8 

NSF 

22.0 

31.1 

29.0 

31.7 

41.5 

49.1 

41.3 

41.5 

47.6 

51.0 

56.7 

60.4 

66.7 

62.0 

60.1 

59.0 

57.6 

52.0 

50.6 

NSF 

44.5 

60.4 

59.4 

66.8 

35.8 

39.1 

38.4 

32.1 

30.4 

31.1 

31.5 

31.3 

30.1 

30.2 

32.8 

36.0 

28.8 

35.6 

35.6 

NSF 

27.8 

24.8 

30.3 

43  4 

74.8 

63.1 

51.5 

52.7 

42.6 

26.9 

46.5 

46.7 

54,4 

58.1 

43.3 

30.5 

38.3 

39.2 

35.6 

HHS 

76.4 

79.3 

79.6 

82.6 

82.3 

81.4 

82.1 

80.6 

80.6 

81.3 

79.9 

77.7 

79.6 

80,6 

80.5 

81.1 

82.8 

83.8 

83.6 

USDA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

80.3 

86.4 

81.5 

75.9 

79.2 

72.7 

76.5 

78.4 

77.2 

83.7 

78.4 

HHS 

63.4 

61.8 

62.5 

66.8 

66.3 

67.1 

67.8 

71.0 

80.0 

82.3 

81.3 

81.7 

83.4 

80.8 

81.5 

81.5 

83.4 

83.9 

82.8 

HHS 

95.1 

94.8 

96.0 

96.6 

96.5 

96.8 

96,8 

95,9 

94.4 

92.8 

92.4 

88.3 

90,0 

92.3 

91,9 

92.0 

93.1 

93.4 

94,6 

HHS 

59.2 

60.5 

63.6 

65.5 

75.0 

75.7 

72.1 

68,6 

77.2 

74.9 

75.6 

77.7 

77.9 

78.7 

79,2 

80.8 

83.3 

84.2 

85.6 

HHS 

37.7 

43.8 

41.9 

42.7 

54.4 

41.6 

43.3 

47.9 

58.3 

31.5 

29.4 

28.4 

27.3 

33.6 

33.7 

33.6 

42.2 

44.6 

49.0 

USDA 

43.1 

8.1 

9.7 

7.2 

4.3 

3.0 

4.0 

40.8 

41.4 

40.2 

45.6 

56.3 

59.9 

54.6 

46.4 

47.8 

44.1 

55.0 

50.6 

NSF 

46.0 

55.2 

59.1 

53.6 

44.0 

52.3 

59.8 

66.7 

51.8 

71.8 

60.1 

81.3 

61.2 

48.2 

60.3 

47,4 

54.4 

52.3 

45.9 

HHS 

40.7 

45.5 

47.9 

55.7 

71.0 

57.3 

52.5 

42.0 

57.5 

48.5 

63.5 

61.0 

67.7 

66.3 

62.5 

58.1 

69.3 

75.5 

75.1 

NSF 

69.1 

77.4 

87.4 

72.8 

76.2 

70.5 

67.4 

47.6 

58.3 

.59.2 

78.2 

93.8 

96.8 

88.7 

91.5 

88.2 

70.7 

73.5 

89.4 

NSF 

29.2 

51.7 

47.2 

66.8 

50.3 

61.5 

65.4 

65.3 

67.5 

72.8 

72.1 

88.8 

90.8 

94.8 

95.5 

94.5 

92.3 

86,8 

77.9 

NSF 

85  0 

49.5 

93.5 

80.1 

86.4 

99.3 

87.6 

89.9 

89.9 

76.4 

86.1 

98.4 

93.9 

96.9 

97.9 

94.0 

88.2 

89.7 

91.2 

HHS 

.54.4 

57.5 

55.6 

497 

68,6 

54.5 

54.9 

88.4 

92.4 

42.5 

32.7 

68.1 

41.4 

38.8 

39.1 

40.3 

57.7 

54,9 

56.2 

HHS 

40.3 

49.8 

37.2 

43.2 

48,9 

58,9 

66,6 

58.9 

51.1 

45.2 

53,5 

43.3 

51.6 

44.2 

49.9 

40.6 

37.8 

30,1 

33.1 

(continued) 
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Appendix  table  5-9. 

Federal  academic  R&D  obligations,  by  lead  agency  and  field:  1971-89 

(page  2  of  2) 


Lead 

Field  agency   1971   1972  1973  1974  1975  1976  1977  1978  1979  1980  1981   1982  1983  1984  1985  1986  1987  1988  1989 


Percentage  from  lead  agency 

Engineenng   DOD  45.2  40.3  42.1  30.7  27.9  26.6  30.2  53.8  61.4  55.4  62.1  67.4  67.4  61.3  62.7  65.6  66.5  66.9  61.2 

Aeronautical/aslronautical   DOD  14.1  30.8  13.1  42.1  31.9  22.0  32.9  47.0  56.4  49.9  49.7  57.5  62.7  55.0  57.4  58.3  55.6  54.5  51.7 

Chemical   NSF  71.1  51.0  48.2  62.4  60.7  40.2  27.4  22.1  51.9  53.8  52.6  50.7  43.8  44.2  39.1  55.0  51.7  41.1  74.2 

Civil   NSF  36.5  37.9  29.1  38.6  32.5  44.0  48.1  42,9  45.5  40.1  30.5  53.6  43.1  49.8  68.9  68.1  64.6  63.2  53.5 

Electrical/electronic   DOD  80.4  76.2  77.3  61.6  58,3  44.0  50.3  59.4  62.5  68.4  72.2  79.2  81.5  75.6  83.5  82.0  81.4  86.1  78.1 

Mechanical   NSF  40.6  33.8  52.4  52.5  45.6  32.0  30.3  25.9  35.3  22.7  26.9  34.1  34.7  36.6  35.2  40.9  34.3  36.8  48.4 

Mateiials/metallurgy   NSF  16.3  57.4  55.9  56.1  35.6  39.4  37.1  33.1  40.2  26.0  33.8  30.0  30.1  30.8  33.8  28.0  20.9  16.4  18.1 

Other   DOD  19.3  25.2  40.2  17.1  19.3  20.2  25.8  71.6  77.5  75.8  78.4  80.0  81.3  79.7  77.9  80.4  82.6  80.4  73.4 


NOTE  DOD  -  Department  of  Defense;  DOE  =  Department  of  Energy;  HHS  =  Department  of  Health  and  Human  Services;  NASA  =  National  Aeronautics  and  Space  Administration;  NSF  =  h'ational  Science  Foundation; 
USDA  '  Department  of  Agriculture. 

NASA  provirled  over  80  percent  of  the  Federal  academic  R&D  obligations  for  aerospace  engineering  in  the  1970s;  this  field  is  now  split  between  NASA  and  DOD. 

SOURCES  Science  Resources  Studies  Division.  National  Science  Foundation.  Federal  Funds  for  Research  and  Development:  Fiscal  Years  1989,  1990,  and  1991,  NSF  90-327  Final.  Detailed  Statistical  Tables 
(Washington.  DC'  NSF.  1991);  and  annual  series. 
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Appendix  table  5-10. 

Capital  funds  expenditures  for  academic  facilities  and  certain  equipment:  1964-89 


Total 


Federal  sources 


Non-Federal  sources 


Current 
dollars 


Constant 
1982  dollars' 


Current 
dollars 


Constant 
1982  dollars* 


Current 
dollars 


Constant 
1982  dollars' 


Thousands  of  dollars 


1964    529,492 

1965    NA 

1966    666,997 

1967    NA 

1968    1,070,727 

1969    NA 


1,602,094 
NA 

1,919.968 
NA 

2,879,072 
NA 


134.439 
NA 

212,397 
NA 

340,447 
NA 


406,775 
NA 

611,390 
NA 

915,426 
NA 


395,053 
NA 

454,600 
NA 

730,280 
NA 


1,195,319 
NA 

1,308,578 
NA 

1,963.646 
NA 


1970    951,873  2,294,776 

1971   NA  NA 

1972    912,487  1,981,034 

1973    835,862  1,728,790 

1974    841,560  1,613,521 

1975    1,018,773  1,771,062 

1976    1,043,153  1,680,342 

1977    960,014  1,432,190 

1978    NA  NA 

1979    694,583  891,681 

1980    790,040  932,302 

1981    953,529  1,023,037 

1982    964,596  964,596 

1983    1,091,753  1,047,421 

1984    1,174,646  1,085,709 

1985    1,222,698  1,096,266 

1986    1,493,503  1,304,256 

1987    1,737,118  1,471,715 

1988    1,954,626  1,607,184 

1989    2,091,399  1,650,365 


279  316 

673  375 

672  557 

1  621  401 

NA 

NA 

NA 

NA 

236  836 

514,177 

675  651 

1  466  856 

224,651 

464  639 

611,211 

1,264,151 

225,681 

432,698 

615,879 

1,180,823 

270,083 

469,519 

748,690 

1,301,542 

206,890 

333,265 

836,263 

1,347,078 

195,519 

291,684 

764,495 

1,140,506 

NA 

NA 

NA 

NA 

169,419 

217,494 

525,164 

674,187 

147,590 

174,166 

642.450 

758,136 

160,557 

172,261 

792,972 

850,776 

126,448 

126,448 

838,148 

838,148 

135,101 

129,615 

956,652 

917,806 

142,440 

131,655 

1,032,206 

954,054 

106,801 

95,757 

1,115,897 

1.000,508 

170,509 

148,903 

1,322,994 

1,155,353 

193,246 

163,721 

1,543,872 

1,307,993 

202,034 

166,122 

1,752,592 

1,441,062 

205,769 

162,353 

1,885.930 

1,488,012 

NA  =  not  available 

NOTE:  Data  are  for  expenditures  on  facilities  used  for  research,  development,  and  instruction,  and  for  expenditures  on  nonfixed  equipment  costing  over 
$1  million. 

'See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCES;  Science  Resources  Studies  Division,  National  Science  Foundation.  Academic  Science/Engineering:  R&D  Expenditures,  Fiscal  Year  1989. 
NSF  90-321.  Detailed  Statistical  Tables  (Washington,  DC:  NSF,  1991);  and  annual  serits. 

See  figure  5-6  and  figure  O-20  in  Overview.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  5-1 1 . 

Capital  expenditures  at  universities  and  colleges,  by  field  and  source  of  funds:  1980-89 

(page  1  of  2) 


Field 

1980 

1981 

1982 

1983 

1984 

1985 

1  yoD 

1  QQ7 

1  yo/ 

1  Qnn 
1  yoo 

1  QflQ 

Thousands  of  current  dollars 

790,040 

953,529 

964,596 

1,091,753 

1,174,646 

1,222,698 

1,493,503 

1,737,118 

1.954,626 

2,091,699 

700.088 

848,037 

817.600 

954,918 

1,027,762 

1.039,100 

1,179,354 

1,357,333 

1.589,311 

1,719,874 

77,bb7 

OO  OOA 

oo,ooU 

QQ  one 

97,864 

110,134 

115,653 

1 Rfi7 

i  HO,UU  f 

204  91Q 

237  669 

32,923 

31,904 

35,651 

54,206 

A  Q  no  -i 

90,603 

82,651 

95,412 

72,672 

36,727 

Jb,790 

44,UUD 

4<^,1  74 

QO  O  -i  Q 

oD,<l  lO 

f^7A 
OH,Of  *♦ 

wit,  vUO 

58  676 

67,518 

452,522 

591,395 

578,398 

DD/.OD/ 

D\7  1  ,  1  fx? 

768,281 

908,977 

1 ,050,025 

1,161,852 

17,970 

11,139 

12,956 

H  C  "7 AC 

1  b,7Ub 

o  1  ,o  1  / 

1 0  Qn7 

17,816 

9,669 

12,130 

13,894 

34,956 

45,702 

31.344 

40,898 

AC  Oil  H 

4b, 941 

CA  70l"\ 

49,919 

55,207 

80,709 

77,483 

47,423 

42,227 

31,949 

ob,  7U4 

Of  fOdv 

OR  QRR 

60,123 

89,917 

87,440 

88,786 

89,952 

105.492 

146,996 

■i  OC  OO  c 

lob, bob 

■i  AC  QQA 

1 4b,oo4 

4  QQ  KQQ 

314,149 

379,785 

365,315 

371.825 

147.590 

160,557 

126,448 

135,101 

142,440 

106,801 

170,509 

193,246 

202,034 

205,769 

126,335 

141,436 

105,517 

116,711 

111,800 

90.008 

132,973 

143.902 

155,024 

162,429 

22,939 

2b,b9U 

*r,i  ,ybb 

19.482 

20,713 

31,497 

33,140 

40,249 

6.156 

5,649 

b,049 

5.516 

o  en^ 

17,516 

12.228 

19.529 

7.335 

Environmental  sciences  

.  .  .  .  8,513 

o.ooU 

C  AAC 

A  eon 

4,bo9 

A  OOO 

0. 1  uo 

1  <^  1  QQ 

13,455 

18  985 

81.732 

90,452 

67,319 

"7n  OC"7 

7y.ob7 

-70  CQC. 

AH 

57,823 

57,954 

71.203 

77.031 

2,037 

1.768 

1,205 

■1  Aon 

1,082 

i   AO  C 

1  .Oob 

Q7  i 
0/1 

1.739 

989 

2,184 

1.654 

1.616 

7,149 

2.213 

5,277 

0  oAn 

3,618 

4,834 

7.985 

8.178 

3,342 

1,498 

1,759 

1.358 

eoo 

633 

■^  70  c 
1 ,7ob 

6,001 

12,568 

7.528 

8.997 

21.255 

19.121 

20,931 

18,390 

OA  CAf\ 

o0,b40 

■i  C  7QO 

lb,7yo 

37,536 

49,344 

47,010 

43,340 

642,450 

792,972 

838.148 

956,652 

1,032,206 

1.115,897 

1,322,994 

1.543,872 

1,752,592 

1,885,930 

573.753 

706,601 

712.083 

838.207 

915,962 

949.092 

1,046,381 

1,213,431 

1 ,434.287 

1.557,445 

54,628 

62,290 

61,330 

78,382 

89,421 

84.156 

105,559 

■i  -i  c  7  H  n 

1 1  b.7i  y 

171  77Q 

1  / 1 ,  /  /y 

1  Q7  A0(\ 

Math  and  computer  sciences  

26.767 

26,255 

30.602 

48,690 

40,224 

68.291 

73,087 

70,423 

75,883 

60.183 

Environmental  sciences  

28.214 

28,460 

38.000 

37.535 

31,390 

50,446 

40,777 

38,864 

45.221 

53,687 

370.790 

500.943 

511.079 

588,010 

643  917 

650.834 

710,458 

851.023 

978,822 

1.084,821 

15,933 

9,371 

11,751 

15,623 

30.282 

11.936 

16,077 

8,680 

9,946 

12.240 

33,340 

38.553 

29,131 

35.621 

43,732 

58.227 

46.301 

50,373 

72,724 

69,305 

44.081 

40.729 

30,190 

34.346 

36,996 

25.202 

54.122 

77,349 

79,912 

79.789 

...  68,697 

86,371 

126,065 

118,445 

116,244 

166.805 

276,613 

330,441 

318.305 

328.485 

(continued) 
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Appendix  table  5-11.  j  ^ 

Capital  expenditures  at  universities  and  colleges,  by  field  and  source  of  funds:  1 980-89  1  § 

(^age  2  of  2)  ■  8 

Field  1980           1981  1982  1  983  1984  1  985   1986  1987  1988  1989 

 Thousands  of  constant  1982  dollars'  i| 

TOTAL    932,302  1,023,037       964,596  1,047,421  1,085,709  1,096,^66  1,304,256  1,471,715  1,607.184  1,650,365  j  a. 

i<S 

Totalsclences   826,152  909,855       817,600  916,142  94..,946  931,652  1,029,914  1,149,955  1,306,805  1,356,993  i| 

Physical  sciences   91,534  95,359         83,296  93,890  101,795  103,694  125,462  132,885  168,494  187,522  |g 

Math  and  computer  sciences   38,851  34,230         35,651  52,005  45,217  69,225  79,122  70,023  78,452  53,272  i| 

Environmental  sciences   43,340  39,472         44,006  40,461  33,476  48,931  42,743  ^5,803  48,246  57,339  |7 

Life  sciences   534,007  634,505       578,398  640,268  662,345  619,681  670,930  770,100  863,379  916,709  I- 

Pyschology   21,206  11,951         12,956  16,027  28,946  11,483  1  5,558  8,192  9,974  1  0,962 

Social  sciences   41,251  49,033         31,344  39,237  43,387  54,441  43,594  46,772  66,363  61,135 

Other  sciences    55,962  45,305         31,949  34,254  34,780  24,197  52,505  76,179  71,897  70,053  ; 

Engineering   106,150  113,182       146,996  131,279  135,76:  164,613  274,342  321.760  300,379  293,373 

Federal  sources   174,166  172,261        126,448  129,615  131,655  95,757  148.903  163,721  166,122  162,353  , 

Totalsclences   149,084  151,746       105,517  111,972  103,335  80,701  116,124  121,916  127,468  128,158  \ 

Physical  sciences   27,070  28,528         21,966  18,691  19,145  28,240  33,279  33,999  27,249  31,757 

Math  and  computer  sciences   7,265  6,061           5,049  5,292  8,039  7,996  15,296  10,360  16,058  5,787  i 

Environmental  sciences   10,046  8,937          6,006  4,451  4,462  3,701  7,133  12,877  11.063  14.979 

Life  sciences   96,449  97,046         67,319  76,135  67,182  36,146  50,496  49.100  58,546  60,778  i 

Pyschology   2,404  1,897          1,205  1,038  957  781  1,519  838  1,796  1,305  ! 

Social  sciences   1,907  7,670          2,213  5,063  2,966  2,235  3,160  4,095  6,566  6,452  i 

Other  sciences    3,944  1,607          1,759  1,303  585  1,601  5,241  10,648  6,190  7,099  | 

Engineering   25,082  20,515         20,931  17,643  28,320  15,057  32,780  41,805  38,654  34,196  j 

Non-Federal  sources   758,136  850,776       838,148  917,806  954.054  1,000,508  1,155.353  1.307.993  1,441,062  1,488,012 

Total  sciences   677,068  758,109       712,083  804,171  846,611  850,952  913,791  1,028,038  1,179,337  1,228,835 

Physical  sciences    64,465  66,831         61,330  75,199  82,651  75,454  92,183  98,886  141,245  155.766  i 

Math  and  computer  sciences   31,587  28,169         30,602  46,713  37,178  61,229  63,826  59,664  62,395  47,485 

Environmental  sciences   33,294  30,535         38,000  36,011  29,013  45,230  35,610  32,926  37,183  42,359 

Life  sciences    437,558  537,459       511,079  564,133  595,164  583,535  620,434  721,001  804,833  855,931  j 

Pyschology    18,802  10,054         11,751  14.989  27,989  10,702  14,040  7,354  8,178  9,657 

Social  sciences    39,344  41,363         29,131  34,175  40,421  52,206  40,434  42,677  59,797  54,682  ; 

Other  sciences   52,019  43,698         30,190  32,951  34,195  22,596  47,264  65,531  65,707  62,954 

Engineering   81,067  92,667       126,065  113,635  107,443  149,557  241,562  279,955  261,725  259.177 

SCO  appendix  table  4-1  (or  GNP  implicit  price  dellators  used    convert  current  dollars  to  constant  1982  dollars. 

SOURCES  Science  HesoLTces  Studies  Division,  National  Science  Foundation.  Academic  Science/Engineering:  R&D  Expenditures,  Fiscal  Year  1989.  NSF  90-321,  Detailed  Statistical  Tables  (Washington,  DC:  NSF,  1991); 
and  annual  series 

Science  &  Engineering  Indicators  -1991 


4:n 


43d 


ERIC 


Appendix  A.  Appendix  Tables 


Appendix  table  5-12. 

Cost  and  square  footage  of  academic  R&D  construction:  1986-91 


New  n&D  space 

Cost^ 

Cost  per  square  foot 

1986-87 

1988-89 

1990-91 

1986-87 

1988-89 

1990-91 

1986-87 

1988-89 

1990-91 

Field 

actual 

actual 

planned 

actual 

actual 

planned 

actual 

actual 

planned 

Thousands  of  square  feet 

Millions  of  dollars 

Dollars 

311 

Total   

.  9,922 

10,647 

1 1 .222 

2.051 

2,464 

o,4yb 

207 

231 

799 

2,000 

1.564 

4  on 

Af\4 

4Ul 

228 

201 

399 

Mathematical  sciences  ♦  ♦  ♦ 

9 

25 

45 

2 

8 

11 

222 

320 

244 

237 

286 

392 

61 

65 

99 

257 

227 

253 

Environrnental  sciences . . 

380 

324 

520 

57 

82 

165 

150 

253 

317 

Agricultural  sciences  .... 

1.513 

1.146 

756 

150 

152 

186 

99 

133 

246 

1.708 

2.262 

2.808 

463 

577 

944 

271 

255 

336 

1.948 

2.253 

2,723 

505 

647 

877 

259 

287 

322 

132 

115 

21 

23 

25 

9 

174 

217 

429 

202 

329 

162 

38 

48 

34 

188 

146 

210 

Other  sciences  

603 

418 

36 

139 

70 

17 

231 

167 

472 

2.390 

1.490 

2,196 

430 

388 

529 

180 

260 

241 

NOTE;  Data  for  2  years  are  combined,  e.g.,  1988-89  refers  to  two  academic  years. 
•Project  cost  estimates  are  prorated  to  reflect  R&D  component  only. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation.  Scientific  and  Engineering  Research  Facilities  at  Universities  and  Colleges: 
1990,  NSF  90-318  (Washington.  DC;  NSF.  1990). 
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Appendix  table  5-13. 

Current  fund  expenditures  for  research  equipment  at  universities  and  colleges,  by  field:  1981-89 

(page  1  of  2) 


Field  1981       1982       1983       1984       1985       1986       1987       1988  1989 


Federal  and  non-Federal 

  -Thousands  of  current  dollars 

Total                                              418.273  421.400  455,167  541,596  680.508  790.166  847,339  921.099  997,880 

Physical  sciences                                77,527    79.554    81.039  103.684  142,045  163,010  165,492  180,910  179.388 

Mathematical  sciences                           2.641      3.568      3,746      5.326  6,149  6,854  9,764  9.601  10.555 

Computer  sciences                             13.011     14,726    18.588    22.919  37.541  44.274  43.645  44.505  42,321 

Environmental  sciences                        31.102    28.528    31.672    41,625  48,280  51.846  55.532  55.563  66.430 

Life  sciences                                    199.646  201.924  211.370  245.998  287.553  335.407  344.107  386.374  442.421 

Pyschology                                        5.754      5.701      6.603      7.346  8,758  8.673  10.600  9.647  10,717 

Social  sciences                                    7.793      7,073      9,452     13,800  10.040  13,892  11.779  11.832  14.378 

Othersciences                                    7.261      8.992     10.438     10.342  14,718  20.070  27.265  27.005  26.680 

Engineering                                      73.538    71.334    82.259    90,556  125.424  146.140  179,155  195.662  204.990 


Federal 

Total   262.394  270,433  281,267  342.321  433.132  501.902  527.230  577.412  594.191 

Physical  sciences   59.460  63.763  63.610  82.653  113.189  130.405  130,267  142.077  13i.653 

Mathematical  sciences   1.850  2,559  2.485  4.082  4.934  5.172  7.577  7.516  C,946 

Computer  sciences   7.132  9.865  ^2,223  16,846  29.398  35.098  33.932  34.716  28.983 

Environmental  sciences   18.870  1  8.370  1  9.719  29.760  33.041  35.779  36.144  36.624  44.790 

Life  sciences   117.842  116.473  115.033  137,224  157.056  188.614  188,344  215.754  239.523 

Psychology   4.166  4,052  4.596  4,998  6.228  5.857  8,105  6.575  6.892 

Social  sciences   3.380  2.748  3,103  3.905  4.044  4,179  3.438  3.296  4.672 

Othersciences   4.061  5.724  6.245  5.601  6.792  11.762  14.085  13.014  13.410 

Engineering   45,633  46.879  5^.253  57.252  78.450  85.036  105.338  117,840  117.322 


Non-Federal 

Total   155,879  150.967  173.900  199.275  247.376  288.264  320.109  343.687  403,689 

Physical  sciences   18.067  15.791  17.429  21.031  28.856  32.605  35.225  38.833  47.735 

Mathematical  sciences   791  1,009  1.261  1.244  1.215  1.682  2,187  2.085  3.609 

Computer  sciences   5.879  4.861  6,365  6.073  8,143  9.176  9.713  9.789  13,338 

Environmental  sciences   12.232  10.158  11.953  11.865  15.239  16.067  19.388  18.939  21.640 

Life  sciences   81.804  85,451  96.337  108.774  130.497  146.793  155.763  170,620  202.898 

Pyschology   1.588  1.649  2.007  2.348  2.530  2.816  2.495  3.072  3.825 

Social  sciences   4.413  4.325  6.349  9.895  5.996  9.713  8,341  8.536  9.706 

Othersciences   3.200  3.268  4.193  4.741  7.926  8.308  13.180  13.991  13.270 

Engineering   27,905  24.455  28.006  33.304  46.974  61.104  73.817  77.822  87.668 


Federal  and  non-Federal 

Thousands  of  constant  1982  dollars' 

Total                                              448.763  421.400  436.684  500.590  610.140  690.042  717.879  757.370  787.334 

Physical  sciertces                                83,178     79.554    77.748    95.834  127,357  142.354  140.208  148.753  141.538 

Mathematical  sciences                           2,834      3,568      3.594      4,923  5.513  5.986  8,272  7.894  8,328 

Computer  sciences                              13,959     14.726     17.833     21.184  33.659  38.664  36.977  36.594  33.392 

Environmental  sciences                        33.369    28.528    30.386    38.4/2  43.288  45,276  47.048  45.686  52.414 

Life  sciences                                    214.199  201,924  202.787  227,373  25V.619  292.906  291.533  317.695  349.073 

Pyschology                                        6,173      5.701      6.335      6,790  7,852  7.574  8.980  7.932  8.456 

Social  sciences                                    8,361      7.073      9,068     12,755  9.002  12.132  9.979  9,729  11.344 

Othersciences                                    7,790      8,992     10,014      9,559  13,196  17.527  23.099  22.205  21.051 

Engineering                                      78,899    71.334    78.919    83,700  112.455  127.622  151.783  160.882  161,739 
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Appendix  table  5-13. 

Current  fund  expenditures  for  research  equipment  at  universities  and  colleges,  by  field:  1981-89 

(page  2  of  2) 


Field  1981       1982       1  983       1  984       1  985       1  986       1  987       1988       1  989 


Federal 


Thousands  of  constant  1982  dollars' 

Total   281.521  270,433  269.846  316.403  388,344  438,304  446,678  474,775  468.821 

Physical  sciences   63,794  63.763  61,027  76.395  101.485  113,881  110,364  116.822  103,875 

Mathematical  sciences   1.985  2.559  2,384  3,773  4.424  4.517  6.419  6.180  5,480 

Computer  sciences   7,652  9.865  11.727  15.571  26,358  30,651  28,748  28,545  22,868 

Environmental  sciences   20.246  18.370  18,918  27,507  29,624  31,245  30,622  30,114  35.340 

Life  sciences   126,432  116,473  110,362  126,834  140.816  164,71*'  159.568  177,403  188.985 

Pyschology   4.470  4.052  4,409  4,620  5,584  5,115  6,867  5,406  5.438 

Social  sciences   3,626  2.748  2.977  3,609  3.626  3.649  2,913  2,710  3,686 

Othersciences   4,357  5,724  5,991  5.177  6.090  10.272  11,933  10.701  10.581 

Engineering   48,959  46.879  52,050  52,917  70,338  74.261  89.244  96.894  92.568 


Non*Federal  

Total   167,242  150.967  166,839  184,187  221,796  251.737  271.202  282,595  318,513 

Physical  sciences   19.384  15.791  16,721  19,439  25.872  28,474  29,843  31,930  37.663 

Mathematical  sciences   849  1,009  1.210  1.150  1,089  1.469  1.853  1,714  2,848 

Computer  sciences   6.308  4,861  6,107  5.613  7.301  8.013  8,229  8.049  10.524 

Environmental  sciences   13.124  10.158  11.468  10,967  13,663  14.031  16,426  15,573  17.074 

Life  sciences   87.767  85,451  92.425  100,538  117.003  128,192  131.965  140,292  160,088 

Psychology   1.704  1.649  1,926  2,170  2,268  2,459  2,114  2.526  3.018 

Social  sciences   4,735  4.325  6,091  9,146  5.376  8.482  7,067  7,019  7.658 

Othersciences   3.433  3,268  4,023  4.382  7.106  7.255  11,166  11.504  10.470 

Engineering   29.939  24.455  26,869  30,782  42,117  53.361  62,539  63.989  69.171 


'See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  into  constant  1 982  dollars. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation,  Academic  Science/Engineering:  R&D  Expenditures,  Fiscal  Year  1989. 
NSF  90-321 .  Detailed  Statistical  Tables  (Washington.  DC:  N SF,  1 991 );  and  annual  series. 
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Appendix  table  5-14. 

Trends  in  research  equipment  in  the  $10,000-$999,000  range,  by  system  age: 
1982-83, 1985-86,  and  1988-89 


1982-83  1985-86  1988-89 

Number    Percent  Number  Percent   Number  Percent 
Total  systems   36,300      100      53,390      100      78,950  100 


Age  (from  year  of  purchase) 


Less  than  3  years  .... 

12.705 

35 

19,637 

37 

29,968 

38 

3-5  years  

9.801 

27 

13,791 

26 

24,312 

31 

6  or  more  years  

13.794 

38 

19.962 

37 

24,670 

31 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  Char^tC-^risi  cs  of 
Science/Engineering  Equipment  in  Academic  Settings:  1989-90.  NSF  91-315  (Washington  »jC:  NSF, 
1991);  and  earlier  reports. 
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Appendix  table  5-15, 

National  stock  of  in-use  academic  instrumentation,  In  selected  fields:  1982-83, 1985-86,  and  1988-89 


Instrument  Aggregate  Mean  price 

systems  purchase  price  per  system 

Field  1982-83  1985-86  1988-89    1982-83  1985-86  1988-89   1982-83  1985-86  1988-89 


Number  Millions  of  dollars  Thousands  of  dollars 

Total   36.300  53,390  78.950  1,303  2,044  3.177  36.1  38.3  40.2 

Chemistry   4.800  7.019  10.365  210  340  551  43.6  48.5  53.2 

Physics/astronomy   3.900  5,325  8,131  180  248  357  45.8  46.6  44.0 

Computer  sciences   900  2.178  3.703  50  109  165  57.8  49.8  44.4 

Environmental  sciences   2.100  3,300  4.477  109  172  246  51.6  52.2  55.0 

Biological  sciences   15.300  22.301  29,530  420  645  928  27.4  28.9  31.4 

Agricultural  sciences   1,600  2.570  3,851  38  62  93  22.7  24.2  24.2 

Engineering   7.600  10.697  18,894  296  467  837  38.5  43.7  44.3 


NOTES;  Details  may  not  sum  to  totals  because  of  rounding.  Number  of  instrument  systems,  aggregate  purchase  price,  and  mean  price  per  system  are  not 
adjusted  for  inflation. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation,  Characteristics  of  Science/Engineering  Equipment  m  Academic  Settings: 
1989-90,  NSF  91-315  (Washington,  DC.  NSF,  199  il;  and  earlier  reports. 
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Appendix  table  5-16. 

Number  and  percentage  of  science  and  engineering  fields  in  277  universities  and  colleges,  by  total  R&D 
volume  and  field:  1980*89 

(page  1  of  2) 


More  than 

More  than 

More  than 

More  than 

More  than 

More  than 

Total 

$1  million 

$5  million 

$10  million 

Total 

$1  million 

$5  million 

$10  million 

Total  science  and  engineering 

  Percent  

Number 

1980  

  3,621 

1,162 

382 

188 

52.3 

16.8 

5.5 

2.7 

1981  

  3,530 

1,186 

377 

197 

51.0 

17.1 

5.4 

2.8 

1982  

  3,539 

1,192 

372 

195 

51.1 

17.2 

5.4 

2.8 

1983  

  3.546 

1,225 

394 

209 

51.2 

17.7 

5.7 

3.0 

1984  

  3,601 

1,231 

402 

222 

52.0 

17.8 

5.8 

3.2 

1985  

  3.602 

1,308 

441 

247 

52.0 

18.9 

6.4 

3.6 

1986  

  3,691 

1,396 

482 

264 

53.3 

20.2 

7.0 

3.8 

1987  

  3,672 

1,450 

512 

291 

53.0 

20.9 

7.4 

4.2 

1988  

  3,670 

1.526 

543 

301 

53.0 

22.0 

7.8 

4.3 

1989  

  3,717 

1,575 

572 

310 

53.7 

22.7 

8.3 

4.5 

Physical  sciences 

1980  

  542 

203 

49 

9 

48.9 

18.3 

4.4 

0.8 

1981  

.  .   531 

207 

47 

8 

47.9 

18.7 

4.2 

0.7 

1982  

  532 

209 

50 

8 

48.0 

18.9 

4.5 

0.7 

1983  

  536 

218 

53 

11 

48.4 

19.7 

4.8 

1.0 

1984  

  538 

223 

55 

13 

48.6 

20.1 

5.0 

1.2 

1985  

541 

236 

70 

16 

48.8 

21.3 

6.3 

1.4 

1986  

  551 

249 

78 

17 

49.7 

22.5 

7.0 

1.5 

1987  

  556 

256 

79 

21 

50.2 

23.1 

7.1 

1.9 

1988  

  547 

269 

86 

23 

49.4 

24.3 

7.8 

2.1 

1989  

  558 

274 

90 

25 

50.4 

24.7 

8.1 

2.3 

Mathematical  and  computer  sciences 

1980  

  316 

51 

9 

1 

57.0 

9.2 

1.6 

0.2 

1981  

  323 

55 

8 

2 

58.3 

9.9 

1.4 

0.4 

1982  

333 

56 

8 

1 

60.1 

10.1 

1.4 

0.2 

1983  

  335 

67 

9 

2 

60.5 

12.1 

1.6 

0.4 

1984  

  344 

69 

11 

5 

62.1 

12.5 

2.0 

0.9 

1985  

  344 

76 

15 

7 

62.1 

13.7 

2.7 

1.3 

1986  

  364 

90 

16 

8 

65.7 

16.2 

2.9 

1.4 

1987  

  365 

101 

17 

9 

65.9 

18.2 

3.1 

1.6 

1988  

  369 

109 

22 

10 

66.6 

19.7 

4,0 

1.8 

1989  

  379 

114 

23 

8 

68.4 

20.6 

4.2 

1.4 

Environmental  sciences 

1980  

  446 

132 

33 

11 

40.3 

11.9 

3.0 

1.0 

1981  

  395 

142 

31 

11 

35.6 

12.8 

2.8 

1.0 

1982  

  385 

138 

30 

11 

347 

12.5 

2.7 

1.0 

1983  

  370 

138 

30 

11 

33.4 

12.5 

2.7 

1.0 

1984  

  367 

136 

29 

1L 

33.1 

12.3 

2.6 

1.2 

1985  

  364 

140 

33 

16 

32.9 

12.6 

3.0 

1.4 

1986  

  380 

143 

38 

18 

34.3 

12.9 

3.4 

1.6 

1987  

  380 

149 

38 

20 

34.3 

13.4 

3.4 

1.8 

1988  

  380 

146 

41 

19 

34.3 

13.2 

3.7 

1.7 

1989  

  372 

155 

46 

18 

33.6 

14.0 

4.2 

1.6 

Life  sciences 

1980  

  593 

360 

227 

145 

53.5 

32.5 

20.5 

13.1 

1981  

  600 

366 

231 

156 

54.2 

33.0 

208 

14.1 

1982  

  G10 

370 

229 

151 

55.1 

33.4 

20.7 

13.6 

1983  

  628 

379 

242 

165 

56.7 

34.2 

21.8 

14.9 

1984  

  640 

380 

239 

170 

57.8 

34.3 

21.6 

15.3 

1985  

  642 

387 

249 

185 

57.9 

34.9 

22.5 

16.7 

1986  

  658 

393 

261 

192 

59.4 

35.5 

23.6 

17.3 

1987  

  657 

404 

268 

201 

59.3 

36.5 

24.2 

18.1 

1988  

  652 

415 

269 

208 

58.8 

37.5 

24.3 

18.8 

1989  

  660 

420 

278 

213 

59.6 

37.9 

25.1 

19.2 

(continued) 
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Appendix  table  5-16. 

Number  and  percentage  of  science  and  engineering  fields  in  277  universities  and  coiiegss,  by  totai  R&D 
volume  and  field:  1980-89 

(page  2  of  2) 


Total 

More  than 
$1  million 

More  than 
$5  million 

More  than 
$10  million 

Total 

More  than 
$1  million 

More  than 
$5  million 

More  than 
$10  million 

Social  sciences  and  psychology 

•   -  Number  

-   -  -      Percent  -  

1980   

  868 

165 

17 

3 

62.7 

11.9 

1.2 

0.2 

1981   

  859 

166 

14 

3 

62.0 

12.0 

1.0 

0.2 

1982   

  879 

160 

12 

2 

63.5 

11.6 

0.9 

0.1 

1983   

  871 

151 

.  13 

1 

62.9 

10.9 

0.9 

0.1 

1984   

  906 

145 

■  17 

2 

65.4 

10.5 

1.2 

0.1 

1985   

  889 

158 

15 

1 

64.2 

11.4 

1.1 

0.1 

1986   

  908 

181 

.  22 

1 

65.6 

13.1 

1.6 

0.1 

1987   

  890 

184 

23 

4 

64.3 

13.3 

1.7 

0.3 

1988   

  896 

203 

28 

4 

64.7 

14.7 

2.0 

0.3 

1989   

  907 

214 

30 

6 

65.5 

15.5 

2.2 

0.4 

Engineering 

1980   

  856 

251 

47 

19 

51.5 

15.1 

2.8 

1.1 

1981   

  822 

250 

46 

17 

49.5 

15.0 

2.8 

1.0 

1982   

  800 

259 

43 

22 

48.1 

15.6 

2.6 

1.3 

1983   

  806 

272 

47 

19 

48.5 

16.4 

2.8 

1.1 

1984   

  806 

278 

51 

19 

48.5 

16.7 

3.1 

1.1 

1985   

  822 

311 

59 

22 

49.5 

18.7 

3.5 

1.3 

1986   

  830 

340 

67 

28 

49.9 

20.5 

4.0 

1.7 

1987   

  824 

356 

87 

36 

49.6 

21.4 

5.2 

2.2 

1988   

  826 

384 

97 

37 

49.7 

23.1 

5.8 

2.2 

1989   

  841 

398 

105 

40 

50.6 

23.9 

6.3 

2.4 

NOTES:  Data  represent  26  fields  in  277  universities  and  colleges  continuously  surveyed  by  the  National  Science  Foundation  since  1973.  Funding  is  in 
constant  1988  dollars. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  Academic  Science/Engineering:  R&D  Expenditures,  Fiscal  Year  1989, 
NSF  90-321,  Detailed  Statistical  Tables  (Washington.  DC:  NSF.  1991);  and  unpublished  tabulations. 
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Appendix  table  5-17. 

Selected  academic  institutions  by  number  of  their  science  and  engineering  fields  exceeding  $1  million  in  total 
R&D  expenditures:  1980*89 


Miimhor  of  fiplH^ 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

0  

75 

70 

73 

74 

73 

62 

57 

52 

49 

47 

1  

30 

32 

29 

25 

28 

35 

31 

30 

25 

30 

2  

39 

38 

42 

38 

37 

43 

40 

38 

41 

37 

3  

17 

18 

15 

18 

15 

10 

16 

22 

22 

21 

4  

15 

12 

14 

17 

14 

13 

16 

18 

21 

15 

5  

13 

22 

16 

16 

20 

17 

12 

12 

1 1 

16 

6  

13 

11 

14 

16 

16 

16 

15 

12 

14 

10 

7  

10 

9 

10 

7 

12 

13 

15 

14 

12 

12 

8  

11 

8 

9 

11 

5 

7 

11 

9 

7 

12 

9  

8 

9 

5 

5 

9 

8 

8 

12 

7 

8 

10  

9 

10 

12 

12 

7 

7 

8 

7 

12 

10 

11  

6 

7 

8 

5 

8 

8 

7 

9 

8 

9 

12  

7 

9 

4 

6 

7 

6 

8 

5 

8 

6 

13  

6 

4 

6 

5 

6 

8 

6 

8 

6 

11 

14  

3 

5 

5 

4 

3 

5 

3 

5 

7 

5 

15  

7 

4 

4 

5 

6 

4 

7 

4 

3 

4 

16  

2 

1 

2 

3 

1 

4 

2 

3 

2 

17  

0 

3 

2 

3 

2 

3 

3 

4 

6 

4 

18  

2 

1 

1 

1 

0 

0 

2 

4 

5 

6 

19  

1 

0 

4 

1 

2 

1 

3 

0 

0 

2 

20  

2 

3 

1 

4 

4 

3 

3 

4 

4 

3 

21  

1 

0 

0 

0 

0 

C 

2 

3 

3 

4 

22  

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 

23  

0 

0 

0 

1 

1 

1 

1 

1 

1 

2 

24  

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

25  

0 

c 

0 

0 

0 

0 

0 

0 

0 

0 

26  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NOTES:  Data  represent  26  fields  in  277  universities  and  colleges  continuously  surveyed  by  the  National  Science  Foundation  since  1973.  Funding  is  in 
constant  1988  dollars. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  Academic  Science/Engineering:  R&D  Expenditures.  Fiscal  Year  1989. 
NSF  90-321 .  Detailed  Statistical  Tables  (Washington.  DC:  NSF.  1991);  and  unpublished  tabulations. 
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Appendix  table  5-18. 

Total  and  Federal  academic  R&D  funds,  by  geographic  region  and  field:  1973**74,  igso-SI,  and  1988-89 


Total 

Mathematical 

Environ- 

science and 

Physical 

and  computer 

mental 

Life 

Social 

Other 

Region 

engineering 

sciences 

sciences 

sciences 

sciences 

Psychology 

sciences 

sciences 

Engineering 

1973-74 

Percentage  of  total  R&D   

East  

.  .  .  28.0 

33.2 

36.3 

26.1 

27.0 

28.8 

27.5 

26.3 

27.4 

West  .  . 

24.3 

27.6 

20.6 

43.7 

22.1 

21.6 

20.9 

14,0 

24.8 

North  .  . 

24.1 

21.0 

23.0 

14.9 

23.7 

29.6 

31.5 

31.9 

26.4 

South. . 

.  .  .  23.3 

18.2 

20.0 

15.0 

26.5 

20.0 

20.0 

27.7 

21.2 

1980-81 

East.  .  . 

26.5 

31.8 

37.9 

24.5 

24.9 

31.2 

26.7 

18.9 

27.8 

West . . 

.  .  .  24.8 

27.5 

16.0 

41.3 

22.8 

21.9 

20.5 

24.4 

24.4 

North  , 

.  .  .  22.7 

21.0 

21.2 

13.1 

23.7 

29.8 

28.3 

30.3 

21.8 

South.  . 

.  .  .  25.7 

19.7 

24.8 

20.8 

28.0 

17.1 

24.2 

26.4 

25.9 

1988-89 


East  

26.0 

27.7 

36.9 

24.0 

24.8 

32.4 

28.0 

15.8 

27.3 

West  .  .  .  . 

23.1 

28.6 

22.3 

35.7 

21.6 

22.4 

17.6 

17.1 

21.5 

North  . 

21.1 

19.9 

15.2 

11.9 

22.1 

22.5 

23.5 

36.8 

21.2 

South.  .  .  . 

29.1 

23.0 

24.9 

27.4 

30.7 

21.2 

29.9 

30.1 

29.5 

1973-74 


Percentage  of  Federal  R&D 

East  

29.9 

34.2 

41.4 

28.4 

29.1 

28.4 

26.6 

29.6 

28.9 

West  

26.7 

29.2 

21.8 

48.7 

24.0 

23.2 

22.5 

13.0 

27.9 

North 

22.2 

20.9 

21.7 

10.4 

21.6 

27.Q 

33.0 

29.8 

25.2 

South  .  . 

21.0 

13.7 

15.1 

12.4 

24.9 

20.6 

17.9 

27.6 

17.9 

1980-81 

East  

29.2 

32.7 

40.6 

27.3 

28.1 

30.1 

29.5 

18.0 

30.2 

West  

26.7 

29.4 

19.2 

44.2 

23.7 

23.7 

21.1 

27.1 

28.4 

North  .   ,  ,  , 

21.0 

21.2 

20.9 

10.9 

21.5 

30.5 

28.5 

26.5 

20.7 

South  

22.8 

16.6 

19.1 

17.4 

26.2 

15.7 

20.9 

28.4 

20.7 

1988-89 

East  

28.6 

29.6 

40.2 

26.7 

28.1 

32.5 

27.8 

13.0 

28.4 

West  

257 

30.7 

27.5 

38.5 

227 

25.4 

19.1 

22.2 

27.1 

North 

19.6 

19.8 

13.0 

10.1 

20,5 

22.3 

26.8 

29.7 

19.9 

South  

25.5 

19.2 

18.7 

23.4 

28.1 

18.0 

25.7 

34.9 

24.1 

SOURCES:  Science  Resources  Studies  Division,  National  Science  Foundation,  Academic  Scienco/Engineering:  R&D  Expenditures,  Fiscal  Year  1989. 

NSF  90-321.  Detailed  Statistical  Tables  (Washington.  DC:  NSF,  1991):  and  unpublished  tabulations. 

See  text  table  5-4. 
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Appendix  table  5-19. 

Total  and  Federal  academic  R&D  funds,  by  state:  1973-74, 1980-81,  and  1988-89 


Total  R&D  funds 

Federal  R&D  funds 

State 

1  Qfln.fli 

1  \70U  O  1 

TOTAL  U.S  

6,957,428 

8,516.040 

13.534,597 

4,734,782 

5.640,293 

8,013.164 

,     .  68,264 

86,948 

201.203 

48,959 

57.101 

117,105 

41,929 

53.634 

52,133 

26,634 

31,199 

24,511 

Arizona  

72,454 

114,176 

206,839 

37.550 

62,856 

97.870 

ArUsincsic 

25  241 

41,160 

41.727 

10,838 

12,736 

15,126 

909,923 

1,133,468 

1.771.457 

729,244 

853,894 

1,225,363 

149.326 

174,311 

211,870 

115,011 

130,202 

156,176 

Connecticut  

127,378 

174,674 

265,068 

93.220 

136,424 

177.226 

13,380 

23,044 

34.350 

7,370 

12,622 

1 5.492 

District  of  Columbia  

71,689 

75,789 

106,217 

57,006 

54,553 

78.285 

176.897 

204,349 

336.286 

98.970 

111,109 

172.155 

130,967 

197,320 

383,293 

58,904 

103,286 

188,953 

54,416 

56,702 

66,077 

34,789 

34,653 

38,747 

Idaho  

22,693 

24,255 

31,320 

10,178 

11,328 

11.636 

lllinniQ 

324  353 

344,751 

565,177 

234,023 

241,156 

320,937 

Indiana  

132,574 

151,017 

215.068 

94,483 

100,698 

130.711 

89,881 

134,477 

191,534 

49.659 

71,347 

93.586 

Kansas   

76,003 

71,067 

101,787 

47.837 

37,409 

42,500 

Kentucky  

40,057 

55,594 

88,364 

21,194 

25.278 

34,187 

83,460 

112,037 

173.385 

35,619 

44,740 

65.951 

16,253 

22,169 

18,436 

10,597 

9.295 

7,572 

176,314 

209,527 

453,681 

136,676 

164,623 

267.580 

460,890 

563,641 

818,277 

378,669 

452,787 

594.032 

260,123 

307,132 

453,699 

163.988 

179,261 

247,986 

Minnp<!nt?i 

136  158 

171,339 

243,299 

78,625 

99,362 

124.368 

Mississippi  

48,217 

59.223 

73,903 

21,677 

23,278 

33,528 

156,664 

160,898 

241,836 

99.653 

100,900 

130.888 

22.865 

26.295 

32.148 

9,915 

14,136 

12.612 

45,867 

61,115 

86,742 

17,663 

23,262 

35,219 

16.435 

17,621 

36.400 

7,817 

9,121 

19.827 

18,998 

31.776 

58.659 

15,646 

22.865 

39,602 

New  Jersey  

121.951 

123.181 

258.633 

68.884 

74,978 

110.167 

40,846 

85.343 

130.054 

32,564 

65,279 

73.893 

817.816 

856,638 

1,274.185 

576,985 

600,764 

839.956 

182  093 

197,632 

400,220 

127,821 

137,355 

247,718 

16.710 

26.850 

25,481 

6.632 

10,310 

17.448 

Ohio  

187,587 

261.372 

392,104 

127,200 

170,328 

225.555 

46,190 

78,259 

112.532 

24.776 

31,672 

32,502 

Oregon  

84.008 

103,193 

152.439 

58,250 

63,960 

92,996 

333,071 

405,658 

706.119 

229.245 

287,630 

440.510 

Rhode  Island  

32,363 

51.516 

77,060 

28,696 

44.406 

56,141 

South  Carolina  

29,351 

50.064 

109.967 

13,155 

26,148 

40,905 

South  Dakota  

15,987 

14,007 

12.243 

7.090 

5,999 

5,955 

Tennessee  

82,108 

122,175 

200,092 

65,736 

73.492 

1 1 1 ,979 

342.309 

524,414 

937.620 

203.405 

307,776 

468,579 

1  lt;ih 

89,001 

95,319 

152,099 

65.878 

68.623 

101.227 

17.827 

23,507 

39,202 

1 1 .758 

16,970 

26.553 

\/irnini£i 

87,632 

126,168 

246,478 

52.858 

88.398 

135.571 

Washington  

167,376 

206.872 

256,550 

124,975 

150,988 

190,202 

16.454 

25,413 

34.137 

10.902 

13.751 

16,323 

Wisconsin  

232.321 

232.185 

333.245 

123,646 

145.305 

193.489 

16,288 

16,577 

21,399 

10,792 

8.866 

12,191 

Remaining  areas  

28,465 

30,187 

102,506 

11,118 

15.811 

53,574 

NOTE:  Funding  is  in  constant  1988  dollars. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation,  Academic  Science/Engineering:  R&D  Expenditures.  Fiscal  Year  1989. 
NSF  90-321 .  Detailed  Statistical  Tables  (Washington,  DC:  NSF.  1991);  and  unpublished  tabulations. 

See  figure  5-7.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  5-20. 

Science  and  engineering  doctorate-holders  employed  by  academic  institutions  and  those  active  in  R&D,  by 
field:  1979  and  1989 


Total  Total  in  Active  in 

employment  R&D  R&D 


Field 

1979 

1989 

1979 

1989 

1979 

1989 

Number 

Percent 

TOTAL  SCIENCE  AND  ENGINEERING  .. 

153,220 

202,089 

100.562 

154,860 

65.6 

76.6 

25,163 

15,513 

19  800 

68.8 

78.7 

1,642 

1,074 

1 ,486 

87.0 

90.5 

1*^  147 

14,276 

8,4'30 

10,849 

64.3 

76.0 

fi  167 

9,245 

5,979 

7,465 

73.2 

807 

13,504 

19,118 

8,235 

13,465 

61.0 

70.4 

1  1  001 

12,323 

6,560 

8,825 

59.6 

71.6 

r^rMnniifor  cr*ionr*oc 

2  192 

6,090 

1,491 

4,122 

68.0 

67.7 

Olhor 

'^l  1 

.  oil 

705 

184 

518 

59.2 

73.5 

Environmental  sciences  

5.278 

7,385 

4,106 

6,560 

77.8 

88.8 

Atmospheric  sciences  

637 

845 

615 

800 

96.5 

94.7 

3,454 

4,493 

2,554 

3,870 

73.9 

86.1 

669 

1,328 

645 

1,261 

94.9 

95.0 

Ri  n 

719 

292 

629 

57.8 

87.5 

67,380 

36,353 

55,647 

75.3 

82.6 

8,943 

4,993 

7,696 

76.0 

86.1 

45,569 

25.982 

39,380 

78.9 

86.4 

9,202 

4,796 

6,452 

66.3 

70.1 

1  R47 

3,666 

582 

2,119 

37.6 

57.8 

16,616 

21,354 

8,112 

12,423 

48.8 

58.2 

28,165 

37,158 

15,021 

27,294 

53.3 

73.5 

2  044 

2,763 

1,070 

2,205 

52.3 

79.8 

7  1  9fi 

10,497 

4,711 

8,052 

66.1 

76.7 

QKO 

1,077 

172 

57.3 

53.5 

1,430 

667 

1 ,194 

68.8 

83.5 

7  fl49 

9,278 

3.064 

6,678 

38.8 

72.0 

5,655 

6,949 

3.268 

4,967 

57.8 

71.5 

4  1  7Q 

5,164 

2,069 

3,622 

49.5 

70.1 

5,052 

3,133 

2,628 

1,922 

52.0 

61.3 

13,839 

21,517 

10,659 

17,749 

77.0 

82.5 

Aeronautical/astronautical  

598 

1,031 

556 

893 

93.0 

86.6 

1,060 

2,051 

777 

1,886 

73.3 

92.0 

2,165 

3,278 

1,822 

2,529 

84.2 

77.2 

Electrical/electronic  

2,490 

4.402 

1,830 

3,442 

73.5 

78.2 

1,300 

1,595 

1.044 

1,421 

80.3 

89.1 

2,374 

3,938 

1,675 

3,295 

70.6 

83.4 

3,852 

5,222 

2.955 

4.283 

76.7 

82.2 

NOTE:  Academic  Institutions  exclude  federally  funded  research  and  development  centers. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Doctoral  Scientists  and  Engineers  in  the  United  States: 
1989,  NSF  91-317.  Detailed  Statistical  Tables  (Washington.  DC:  NSF.  1991);  and  unpublished  tabulations. 

See  fiQure  5-8.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  5-21 . 

Academic  employment  and  R&D  activity  of  doctoral  scientists  and  engineers,  by  gender,  race/ethnicity,  and  field:  1979  and  1989 

(page  1  of  2) 


1979 


1989 


White 


Black 


Asian 


Native 
American 


Hispanic 


White 


Black 


Asian 


Native 
American 


Hispanic 


Total 


Total  employed 


Physical  sciences  

Math  and  computer  sciences , 

Environmental  sciences  

Life  sciences  

Psychology  

Social  sciences  

Other  sciences  

Engineering  


Active  in  R&D 

Total  science  and  engineering  . 

Physical  sciences  

Math  and  computer  sciences 

Environmental  sciences  

Life  sciences  

Psychology  

Social  sciences  

Other  sciences  

Engineering  


138.162 

1,721 

9,966 

267 

2,019 

177,232 

3.299 

16.420 

387 

3,893 

20.085 

130 

1.801 

43 

349 

21,780 

363 

P.188 

70 

526 

12,054 

128 

998 

* 

207 

16,390 

169 

1,998 

32 

428 

4.991 

* 

176 

* 

71 

6,774 

24 

383 

* 

193 

43.310 

523 

3,507 

46 

627 

59,576 

927 

5,537 

80 

1,095 

15.885 

284 

194 

38 

67 

19,920 

531 

418 

44 

258 

25,511 

542 

1,479 

90 

312 

32,900 

987 

2,147 

143 

837 

4.512 

78 

306 

32 

64 

2.477 

141 

359 

* 

87 

11.814 

35 

1,505 

* 

322 

17,415 

157 

3,390 

* 

469 

89.395 

866 

8,173 

206 

1,257 

133.976 

2.055 

14.627 

302 

3.154 

13.633 

94 

1.478 

* 

183 

16.923 

306 

1,913 

68 

432 

7.199 

51 

751 

* 

131 

1 1 ,264 

115 

1,636 

28 

321 

3.856 

* 

160 

* 

56 

6,016 

22 

337 

* 

174 

32.117 

340 

3.151 

46 

520 

48,732 

659 

5,042 

66 

1.005 

7.804 

94 

68 

38 

30 

1 1 ,650 

217 

290 

33 

85 

13.651 

251 

822 

59 

171 

24.016 

540 

1.820 

89 

703 

2,242 

22 

269 

32 

33 

1.447 

84 

319 

* 

70 

8,893 

* 

1,474 

* 

133 

13,928 

112 

3.270 

* 

364 

Men 

121.089 

1.296 

8,688 

251 

1,739 

145.304 

2,228 

13,823 

315 

3,066 

18.811 

119 

1,600 

43 

332 

19.861 

333 

1.831 

70 

441 

11.229 

117 

890 

* 

201 

14.768 

140 

1,755 

30 

397 

4.711 

* 

163 

* 

66 

6,123 

22 

354 

* 

180 

36,562 

324 

2.810 

35 

530 

45.647 

524 

4,175 

47 

805 

12.429 

207 

134 

34 

* 

13,533 

249 

228 

30 

93 

21.779 

447 

1,359 

90 

241 

26.443 

696 

1.875 

124 

628 

3.866 

47 

257 

32 

36 

1,993 

114 

305 

* 

76 

11.702 

34 

1,475 

* 

322 

16,936 

150 

3,300 

* 

446 

Total  employed 

Total  scicjnce  and  engineering  .  . 

Physical  sciences  

Math  and  computer  sciences 

Environmental  sciences  

Life  sciences  

Psyctiology   

Social  sciences  

Other  sciences   

Engineering  


(continued) 
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Appendix  table  5-21. 

Academic  employment  and  R&D  activity  of  doctoral  scientists  and  engineers,  by  qender,  race/ethnicity,  and  field:  1979  and  1989 

(page  2  of  2) 


Active  in  R&D 

Total  science  and  engineering  . 

Physical  sciences  

Math  and  computer  sciences 

Environmental  sciences  

Life  sciences  

Psychology  

Social  sciences  

Other  sciences  

Engineering  


Total  employed 

Total  science  and  engineering  .  . 

Physical  sciences  

Math  and  computer  sciences  . 

Environmental  sciences  

Life  sciences  

Psychology  

Social  sciences  

Other  sciences  

Engineering  

Active  in  R&D 

Total  science  and  engineering  . 

Physical  sciences  

Math  and  computer  sciences 
Environmental  sciences.   .  . 

Life  sciences  

Psychology  

Social  sciences  

Other  sciences  

Engineenng  


.<  ft 


1979 

1989 

White 

Black 

Asian 

Native 
American 

Hispanic 

White 

Black 

Asian 

Native 
American 

Hispanic 

Men 

79,634 

654 

7.184 

191 

1.101 

110,934 

1.413 

12.362 

251 

2.496 

12,917 

89 

1,329 

* 

174 

15.555 

278 

1,609 

68 

361 

6.782 

50 

691 

* 

127 

10.259 

99 

1,442 

26 

297 

3,663 

* 

147 

* 

54 

5.426 

22 

308 

* 

164 

27.367 

225 

2.55'1 

35 

454 

37.720 

404 

3,770 

37 

752 

6.221 

60 

40 

34 

8.041 

80 

153 

30 

* 

1 1 .844 

208 

749 

59 

134 

19,248 

348 

1,620 

76 

517 

2.041 

* 

228 

32 

25 

1.192 

75 

273 

* 

61 

8,799 

• 

1.446 

* 

133 

13,493 

107 

3,187 

* 

344 

Women 


17.073 
1.274 
825 
280 
6.748 
3.456 
3,732 
646 
112 


9,761 
716 
417 
193 
4,750 
1.583 
1.807 
201 
94 


425 


199 
77 
95 
31 


212 


115 
34 
43 


1.278 

201 

108 
* 

697 
60 

120 
49 
30 


989 
149 
60 

* 

597 
28 
73 
41 
28 


•    U)o  few  cases  lo  estimate 

;iOlJMC[:s  S.;inn.:e  Resources  Studies  Division.  National  Science  Foundation,  Characteristics  of  Doctoral  Scieritists  and  Engineers  in  the  United  States:  1989,  NSF  91-317,  Detailed  Statistical  Tables  (Washington,  DC: 
Nyf",  1991 ),  and  unpublished  tabulations 
See  figure  b-9  and  text  tables  5-5  and  5-6. 
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280 

31,928 

1,071 

2,597 

72 

827  j 

17 

1.919 

30 

357 

* 

85  1 

6 

1,622 

29 

243 

* 

31  1 

5 

651 

* 

29 

* 

*  1 

97 

13,929 

403 

1,362 

33 

290  i 

56 

6,387 

282 

190 

* 

165  j 

71 

6,457 

291 

272 

* 

209  ! 

28 

484 

27 

54 

* 

* 

0 

479 

* 

90 

* 

23  i 

156 

23,042 

642 

2,265 

51 

658 

* 

1,368 

28 

304 

* 

71 

* 

1,005 

* 

194 

* 

24 

* 

590 

* 

29 

* 

* 

66 

11.012 

255 

1,272 

29 

253 

30 

3.609 

137 

137 

* 

85 

37 

4,768 

192 

200 

* 

186 

* 

255 

* 

46 

* 

* 

* 

435 

* 

83 

* 

20 

3 
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Appendix  A.  Appendix  Tables 


Appendix  table  5-22. 

Academic  doctoral  scientists  and  engineers  active  in  R&D,  by  number  of 
years  since  Ph.D.  award  and  field:  1973-89 

(page  1  of  2) 


1-3  4-7  8-10  11-15  More  than 

years         years  years  years  15  years 

Total  science  and  engineering 


Percent 

1973    20.7  26.0  13.9  14.2  25.3 

1975    17.8  26.3  14.8  15.8  25.2 

1977    15.4  23.9  15.7  17.5  27.6 

1979    14.8  21.1  15.4  20.1  28.5 

1981    14.4  19.7  13.9  20.6  31.4 

1983    13.3  17.7  12.0  22.3  34.7 

1985    12.8  16.9  11.8  19.4  39.1 

1987    11.6  16.2  10.8  17.9  43.5 

1989    12.3  15.7  10.4  16.6  45.0 


Physical  sciences 

1973    18.2  25.5  14.8  16.0  25.4 

1975    13.4  23.5  16.4  18.5  28.2 

1977    13.7  19.6  16.1  18.7  31.9 

1979    12.8  15.6  14.0  23.9  33.6 

1961   13.8  14.9  10.7  22.0  38.6 

1983    10.5  11.9  9.3  21.4  46.8 

1985    11.8  12.2  8.5  14.4  53.0 

1987    11.1  11.3  7.2  13.9  56.5 

1989    13.8  12.5  7.3  11.1  55.3 


Mathematical  and  computer  sciences  

1973    22.9  30.9  15.3  12.2  18.7 

1975    17.D  30.8  15.8  16.3  19,6 

1977    15.4  24.5  19.1  17.6  23.5 

1979    13.3  18.9  18.7  24.4  24.6 

1981    13.8  18.6  13.8  24.7  29.2 

1983    12.6  18.7  10.3  23.0  35.5 

1985    12.7  17.3  8.8  20.3  40.9 

1987    11.0  17.3  9.3  17.0  45.3 

1939    12.0  16.5  9.8  14.6  47.2 


 Environmental  sciences  

1973    21.4  25.0  14.3  15.0  24.3 

1975    21.3  24.1  16.0  15.8  22.8 

1977    16,5  25.5  13.4  17.5  27.0 

1979    15.8  18.9  15.4  21.9  28.0 

1981   17,6  17.4  14.8  19.1  31.1 

1983    14.9  19.7  14.0  17.8  33.6 

1985    11.0  17.4  12.1  20.1  39.3 

1987    12.7  17  2  7.5  217  40.9 

1989    10.3  17.1  10.0  17.7  45.0 


Life  sciences 

1973    19.6  23.8  12.5  13.7  30.4 

1975    17.ti  25.8  13.1  15.1  28.3 

1977    15.6  24.3  15.0  16.2  28.9 

1979    15.4  23.0  15.2  17.4  29.1 

1981    15.9  20.7  13.7  19.6  30.2 

1983    14.5  18.0  12.4  22.5  32.7 

1985    13.6  18.2  11.8  20.8  35.6 

1987    12.4  17.4  12.1  18.6  39.4 

1989    13.7  17.0  11,5  16.9  40.9 


(continued) 
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Appendix  table  5-22. 

Academic  doctoral  scientists  and  engineers  active  in  R&D,  by  number  of 
years  since  Ph.D.  award  and  field:  1973-89 

(page  2  of  2) 


1-3 
years 

4-7                8-10  1M5 
years            years  years 

More  than 
1 5  years 

Social  sciences  and  psychology 

1973 
1975 
1977 
1979 
1981 
1983 
1985 
1987 
1989 


-  Percent  

24.6 

25.7 

12.8 

13.6 

23.2 

22.3 

28.4 

13.4 

13.4 

22.6 

17.4 

28.1 

14,8 

15.1 

24.7 

18.1 

24.8 

16.8 

17.2 

23.2 

14.5 

24.1 

15.4 

19.9 

26.0 

13.2 

21.1 

15.3 

21.0 

29.4 

11.8 

18.1 

15.8 

21.2 

33.1 

10.5 

16.3 

13.1 

20.7 

39.4 

9.7 

15.4 

11.3 

20.3 

43.3 

Engineering 


1973 
1975 
1977 
1979 
1981 
1983 
1985 
1987 
1989 


17.7 

30,4 

17.3 

15.3 

19.4 

13.2 

24.7 

20.1 

19.6 

22,4 

12.8 

18.2 

17.6 

25.6 

25.8 

11.4 

18.6 

;i.6 

25.8 

32.5 

11.7 

16.2 

14.3 

20.3 

37.5 

14.1 

16.0 

7.9 

26.2 

35.8 

14.5 

15.9 

9.9 

16.1 

43.6 

12.3 

16.9 

8.4 

14,0 

48.4 

13.5 

15.4 

9.5 

14.3 

47.2 

NOTE:  "Active  in  R&D"  is  defined  as  those  individuals  who  report  R&D  as  either  their  primary  or 
secondary  activity. 

SOURCES:  Science  Resources  Studies  Division,  National  Science  Foundation,  Characteristics  of 
Doctoral  Scientists  and  Engineers  in  the  United  States:  1989,  NSF  91-317.  Detailed  Statistical  Tables 
(Washington.  DC:  NSF,  1991);  and  unpublished  tabulations. 

See  figure  5-10.  Science  &  Engineering  Indicators  -  1991 
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Appendix  A.  Appendix  Tables 


Appendix  table  5-23, 

Participation  of  academic  doctoral  scientists  and  engineers  in  R&D,  by 
number  of  years  since  Ph.D.  award  and  field:  1973-89 

(page  1  of  2) 


1-3  4-7  8-10  11-15      More  than 

Total         years  years         years         years       15  years 

Total  science  and  engineering 


  Percent    

1973   77.9  80.9  79.7  79.1  76.0  74.2 

1975   73.2  80.2  75.3  73.8  71.1  68.0 

1977   68.2  73.2  68.3  69.0  66.1  66,5 

1979   66.5  76.3  68.7  64,9  64.8  62.8 

1 981   64.6  80.3  70.6  63.4  60.0  59.7 

1983   63.1  77.7  72.1  64.0  59.8  57,2 

1985   64.3  77.8  71.5  67.7  59,8  59.6 

1987   76.5  87.2  83,2  80.0  75,3  71,6 

1 989   77.7  88.6  87,2  80.4  77,4  72.0 


Physical  sciences 

1973   80,7  84.6  81.7  83.9  82.2  74,7 

1975   77,4  85.3  79.7  80.3  76.3  71.9 

1977   74.1  87.8  73.2  73.3  70.5  72.4 

1979   69,1  89.1  75,4  66.5  67.4  63,5 

1981   68,7  92.0  83.5  70.6  62.0  62.2 

1983   69.7  89.1  81.6  74.8  66.3  64.7 

1 985   69.3  90.9  84.7  78.5  60.2  64,6 

1987   78.6  94.8  89.2  87.6  79.0  73,4 

1 989   79.5  96^4  94^5  89^6  78^8  72^ 

Mathematical  and  computer  sciences  

1973   73^6  75^6  75^8  79.0  72.5  65.1 

1975   69.5  75.2  69.6  69.4  73.2  62.5 

1977   63.7  71.9  61.8  64.5  59,6  63.6 

1979   61.1  81.6  58.2  58.0  60,5  58.4 

1981   58.2  79.1  65.7  52.6  52.8  54.7 

1983   59,9  75.3  71.4  53.7  53,6  57,2 

1985   56,7  73.4  71.2  53,8  48.7  53.3 

1987   70.4  89.6  84.7  71.9  65.5  64.4 

1 989   72,0  89.0  88.4  81 .3  68.1  64.4 


Environmental  sciences   

1973   82.3  89.6  80.1  84.6  85.6  76.0 

1975   80.5  94.7  85.3  79.0  74.4  71,3 

1977   80.6  93.4  84.5  76.7  72.9  78,0 

1979   78,4  88.8  81.8  75.5  77.6  73.5 

1981   75.5  97.8  85.1  69.0  69.1  69.2 

1983   76.7  89.3  87.4  85.9  68.6  68.6 

1985   77.5  87.0  84.9  85,8  75.3  71.5 

1987   89.6  91.1  98.0  82.5  91.7  86.5 

1989   89.7  96.4  95.5  91.9  92.0  85.1 


Life  sciences 

1973   84.5  84.8  87.6  84.5  82.5  82.9 

1975......  80.0  83.9  81.8  81.9  79.3  75.8 

1977   77,5  79.8  78.6  79.1  76.8  75.2 

1979   76.4  84.6  78.5  76.1  74.7  72.3 

1 981   75.8  89.2  81 .2  74.3  73.8  69.1 

1 983   75.1  86.2  80.8  77.4  73.1  68.9 

1985   74.1  87.6  81.1  74.3  72.7  67.8 

1987   83.1  90,4  86.9  88.0  82.8  78.4 

1989   83.3  89.7  89.6  84.0  84.2  78.6 


(continued) 
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Appendix  table  5-23. 

Participation  of  academic  doctoral  scientists  and  engineers  in  R&D,  by 
numt)er  of  years  since  Ph.D.  award  and  field:  1973-89 

(page  2  of  2) 


1-3  4-7  8-10  11-15  Morelhan 

Total  years  years         years  years        15  years 

Social  sciences  and  psychology 


Percent  

1973   68.2  74.9  69.4  66.9  62.1  65.1 

1975   63.9  74.4  66.9  62.6  57.3  57.3 

1977   53.6  57.3  55.5  55.5  49.6  50.8 

1979   52.4  60.9  56.2  55.3  47.9  45.7 

1981   53.0  62.8  58.3  52.9  48.6  48.1 

1983   51.1  62.5  60.4  56.0  46.0  44.2 

1985   50.9  57.6  55.0  59.1  48.4  45.8 

1987    67.5  75.3  73.5  70.9  67.3  62.7 

1989   68.9  77.8  77.9  71.8  69.2  63.9 


Engineering 

1973   84.5  86.5  88.2  84.0  86.9  76.5 

1975   76.5  82.9  807  77.1  74.3  70.5 

1977   75.2  82.5  77.2  73.0  75.2  72.4 

1979    77.8  90.5  86.4  67.0  76.6  75.1 

1981   63.9  87.1  74.3  68.7  54.7  59.1 

1983   69.7  83.0  80.2  66.5  73.1  60.9 

1985   68.2  87.5  75.2  71.5  60.0  63.8 

1987   84.0  94.4  88.1  91.3  81.2  80.1 

1989    83.5  94.3  95.6  85.2  85.3  77.1 


NOTE:  "Active  in  R&D"  is  defined  as  those  individuals  who  report  R&D  as  either  their  primary  or 
secondary  activity. 

SOURCES:  Science  Resources  Studies  Division,  National  Science  Foundation,  Characteristics  of 
Doctoral  Scientists  and  Engineers  in  the  United  States:  1989,  NSF  91  -31 7.  Detailed  Statistical  Tables 
(Washington.  DC:  NSF,  1991);  and  unpublished  tabulations. 

See  figure  5-1 1 .  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  5-24. 

Science  and  engineering  doctorate-holders  active  in  academic  R&D 
reporting  U.S.  Government  support,  by  field  and  years  since  Ph.D.  award: 
1973-89 

(page  1  of  2) 


1-3  4-7  8-10  1M5       More  than 

Total  years  years         years         years       1 5  years 

Physical  sciences 


Percent 

1973   54.7  67.1  50.0  51.3  54.2  52.8 

1975   53.1  67.3  50.3  50.3  49.5  52.6 

1977   54.4  68.5  56.5  48,4  53.9  50.3 

1979   56.7  70.7  53.8  51.7  56.8  54.7 

1981    59.0  76.1  61.1  65.0  52.0  54.4 

1983   63,9  76.5  74.2  72.0  57.6  59.6 

1985  

1987   65.6  79.8  68.4  72.9  70.6  60.1 

1989   68.9  78.1  72.7  73.9  66.6  65.6 


Mathematical  and  computer  sciences 

1 973   34.7  25.3  35.0  29.6  45.9  42.7 

1975   24.6  15.1  23.1  31.5  26.0  29.0 

1977   25.5  23.7  24.7  27.0  23.9  27.7 

1979   28.2  24.9  44.7  26.7  16.9  29.7 

1981   27.5  24.2  35.0  31.0  31.3  19.4 

1983   41.1  42.4  46.3  49.7  40.3  35.7 

1985   *  *  *  .  •  • 

1987   38.7  30.9  43.8  49.9  38.1  36.6 

1989   41.5  34.1  51.6  51.8  48.4  35.6 


Environmental  sciences  

1973   61.8  63.5  68.9  57.1  64.2  54.0 

1975   60.8  60.8  66.9  61.8  61.1  53.4 

1977   57.6  48.0  63.8  64.5  55.2  55.7 

1979   63.9  84.5  64.1  62  9  61.1  54.8 

1981    58.0  63.6  71.3  55.8  48.1  54.5 

1983   68.3  72.6  70.6  79.9  63.3  63.0 

1985                   •  •  •  .*  *  ' 

1987   68.4  67.2  69.8  80.9  75.6  62.0 

1989   72.3  64.4  78.1  85.1  82.6  65.1 


Life  sciences 

1973   67.7  67.9  67.3  68.7  67.0  67.6 

1975   65.8  67.2  64.9  67.4  66.3  64.6 

1977   67.5  69.7  68.1  70.2  67.1  64.5 

1979   66.1  68.1  65.4  66.1  66.9  65.1 

1981   63.8  73.3  67.4  62.0  62.3  58.2 

1983   70.4  72.1  74.5  74.5  70.7  65.7 

1985                   *  *                  .  .                .  • 

1987   73.0  72.8  75.6  79.8  76.1  68.3 

1989   74.0  79.0  75.9  77.6  79.2  68.3 


Social  sciences  and  psychology 

1973   35^0  307  37^3  36.0  35.2  36.2 

1975   31.4  25.5  32.7  35.0  31.1  33.6 

1977   32.8  28.5  32.4  32.0  37.6  33.9 

1979   33.2  33.5  31.9  34.3  34.7  32.5 

1981   30.9  35.7  32.0  27.3  30.0  30.0 

1933   34.7  38.9  37.1  31.4  37.0  31.1 

1985   *  *                  .  .  .  * 

1987    32.6  31.2  37.2  31.6  33.5  30.8 

1989   34.7  35.9  37.3  38.2  37.0  31.6 


(continued) 
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Appendix  table  5-24. 

Science  and  engineering  doctorate-holders  active  in  academic  R&D 
reporting  U.S*  Government  support,  by  field  and  years  since  Ph.D.  inward: 
1973-89 

(page  2  of  2) 


1-3 

4-7 

8-10 

11-15 

More  than 

Total 

years 

years 

years 

years 

15  years 

Engineering 

Percent 


1973. 
1975. 
1977. 
1979. 
1981. 
1983. 
1985. 
1987. 
1989. 


60.9 

54.2 

58.5 

59.6 

71.0 

63.9 

59.0 

62.3 

61.4 

54.7 

59.8 

57.5 

60.6 

64.1 

61.1 

59.9 

58.4 

61.3 

60.7 

56.5 

69.5 

61 J 

57.2 

59.6 

59.9 

51.2 

75.3 

63.8 

61.6 

53.5 

64.3 
* 

47.4 
* 

68.4 

78.2 

63.8 
* 

66.4 

* 

66.6 

53.5 

76.4 

69.0 

71.4 

64.8 

65.4 

54.3 

76.6 

63.5 

76.7 

62.0 

'  =  results  for  1985  are  discontinuous  with  other  years  because  of  substantial  changes  in  questionnaire 
item  content 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation,  Characteristics  of 
Doctoral  Scientists  and  Engineers  in  the  United  States:  1989,  NSF  91  -31 7.  Detailed  Statistical  Tables 
(Washington,  DC:  NSF,  1991);  and  unpublished  tabulations. 

See  figure  5-12.  Science  &  Engineering  Indicators  -  1991 
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Appendix  A.  Appendix  Tables 


Appendix  table  5-25. 

Full-time  graduate  students  in  science  and  engineering  supported  by  research  assistantships  (RA),  by  source 
and  field:  1972-89 

(page  1  of  4) 


Federal 

Federal  Non-Federal 

Total 

Federal 

Non-Federal 

Total 

support 

RA        RA  support  RA  support 

RA  support 

RA  support 

RA  support 

Total  science  and  engineering 

1972. 
1973. 
1974. 
1975. 
i976. 
1977. 
1978. 
1979. 


159.520 
161,902 
191.471 
220,489 
224,115 
227.862 
209.572 
233,089 


1980   239.855 

1981   243,671 

1982   246,218 

1983   253,735 

1984   255,597 

1985   259.467 

1986   268,404 

1987   273,434 


1988. 
1989. 


1972. 
1973. 
1974. 
1975. 
1976. 
1977. 
1978. 
1979. 

1980. 
1981. 
1982. 
1983. 
1984. 
1985. 
1986. 
1987. 
1988. 
1989. 


1972. 
1973. 
1974. 
1975. 
1976. 
1977. 
1978. 
1979. 


278.167 
286.619 


46,913 
42,745 
46.848 
47,182 
49,116 
50,958 
50.038 
52,880 

53,164 
51,085 
47,593 
47.909 
47.921 
49,230 
51,545 
53.780 
55.768 
57.921 


-  Number - 
34.297 
35,944 
39.507 
40.006 
42.592 
43.743 
NA 
49,118 

51,716 
52,880 
52.701 
55,069 
57,863 
61,162 
66.224 
70,384 
74.727 
79.151 


20,666 
20,589 
22,266 
23.045 
24.352 
25.125 
NA 
28.045 

29.352 
29,176 
28.320 
29,173 
29.467 
30.442 
32,761 
35.013 
36,781 
38.314 


Mathematical  and  computer  sciences 


"Percent^ 

13,631 

21.5 

13.0 

8.5 

15.355 

22.2 

12.7 

9.5 

17,241 

20.6 

11.6 

9.0 

16,961 

18.1 

10.5 

7.7 

18.240 

19.0 

10.9 

8.1 

18,618 

19.2 

11.0 

8.2 

NA 

NA 

NA 

NA 

21,073 

21.1 

12.0 

9.0 

22,364 

21.6 

12.2 

9.3 

23,704 

21.7 

12.0 

9.7 

24,381 

21.4 

11.5 

9.9 

25.896 

21.7 

11.5 

10.2 

28.396 

22.6 

11.5 

11.1 

30,720 

23.6 

11.7 

11.8 

33,463 

24.7 

12.2 

12.5 

35,371 

25.7 

12.8 

12.9 

37.946 

26.9 

13.2 

13.6 

40,837 

27.6 

13.4 

14.2 

Physical  sciences 

22,253 

7,617 

6.651 

5.559 

1.092 

29.9 

25.0 

4.9 

21.060 

6.346 

6.305 

5.079 

1,226 

29.9 

24.1 

5.8 

21,267 

6.157 

6,395 

5,299 

1,096 

30.1 

24.9 

5.2 

21.916 

6.210 

6.441 

5.487 

954 

29.4 

25.0 

4.4 

22,252 

6.400 

6,789 

5.686 

1,103 

30.5 

25.6 

5.0 

22,505 

6.628 

6.810 

5,770 

1.040 

30.3 

25.6 

4.6 

21,516 

6,943 

NA 

NA 

NA 

NA 

NA 

NA 

22.535 

7.496 

7.806 

6.512 

1.294 

34.6 

28.9 

5.7 

22,918 

7,707 

8.340 

6.980 

1,360 

36.4 

30.5 

5.9 

23.308 

7,956 

8.607 

7.271 

1,336 

36.9 

31.2 

5.7 

24.040 

7.713 

8.768 

7.095 

1.673 

36.5 

29.5 

7.0 

25,205 

8.126 

9.145 

7.471 

1.674 

36.3 

29.6 

6.6 

25.852 

8,640 

9.628 

7.807 

1,821 

37.2 

30.2 

7.0 

26,669 

8.821 

10.284 

8.065 

2,219 

38.6 

30.2 

8.3 

27,764 

9.523 

10.994 

8.665 

2,329 

39.6 

31.2 

8.4 

28,414 

9.717 

1 1 ,558 

8.873 

2.685 

40.7 

31.2 

9.4 

28.574 

9.857 

12,056 

8^968 

3.088 

42.2 

31.4 

10.8 

20.164 

10.276 

12,413 

9.160 

3,253 

42.6 

31.4 

11.2 

13.273 

2.072 

1,344 

847 

497 

10.1 

6.4 

3.7 

13,277 

1.957 

1.321 

824 

497 

9.9 

6.2 

3.7 

13.755 

1.581 

1.414 

828 

586 

10.3 

6.0 

4.3 

15.168 

1.436 

1.375 

752 

623 

9.1 

5.0 

4.1 

15.700 

1.481 

1.528 

795 

733 

9.7 

5.1 

4.7 

14.969 

1.490 

1,508 

877 

631 

10.1 

5.9 

4.2 

13.733 

1.471 

NA 

NA 

NA 

NA 

NA 

NA 

15.521 

1.654 

1.642 

1 .005 

637 

10.6 

6.5 

4.1 

(continued) 
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Appendix  table  5-25. 

Full-time  graduate  students  in  science  and  engineering  supported  by  research  asslstantshlps  (RA),  by  source 
and  field:  1972-89 

(page  2  of  4) 


Federal 

Federal 

Non-Federal 

Total 

Federal 

Non-Federal 

Total 

support 

RA 

RA  support 

RA  support 

RA  support 

RA  support 

RA  support 

Mathematical  and  computer  sciences 

—  Percent— 

—  Number—- 

1980  

16,489 

1.821 

1,820 

1.099 

721 

n.o 

6.7 

4.4 

1981  

17,599 

1.804 

1,858 

1.055 

803 

10.6 

6.0 

4.6 

1982  

19,994 

1.893 

2.036 

1,140 

896 

10.2 

5.7 

4.5 

1983  

21.651 

1.890 

2.206 

1.193 

1.013 

10.2 

5.5 

4.7 

1984  

22,906 

2.031 

2.507 

1.382 

1,125 

10.9 

6.0 

4.9 

1985  

25,934 

2,573 

3.074 

1.551 

1.523 

11.9 

6.0 

5.9 

1986  

.    .  .  27,708 

2.891 

3.392 

1.686 

1,706 

12.2 

6.1 

6.2 

1987  

  28.640 

3.175 

3,948 

2.142 

1.806 

13.8 

7.5 

6.3 

1988  

29,150 

3,416 

4.281 

2,312 

1.969 

14.7 

7.9 

6.8 

1989  

29,818 

3.614 

4,506 

2.330 

2,rr 

15.1 

7.8 

7.3 

Mathematical  sciences 

1972  

10,372 

1.393 

706 

442 

264 

6.8 

4.3 

2.5 

1973  

10,339 

1,222 

668 

373 

295 

6.5 

3.6 

2.9 

1974  

10.009 

860 

667 

351 

316 

6.7 

3.5 

3.2 

1975  

10.695 

693 

629 

300 

329 

5.9 

2.8 

3.1 

1976  

10,952 

784 

797 

409 

388 

7.3 

3.7 

3.5 

1977  

10,365 

786 

784 

403 

381 

7.6 

3.9 

3.7 

1978  

9,307 

772 

NA 

NA 

NA 

NA 

NA 

NA 

1979  

9.668 

864 

825 

424 

401 

8.5 

4.4 

4.1 

1980  

9,902 

868 

784 

421 

363 

7.9 

4.3 

3.7 

1981  

  10.154 

796 

760 

340 

420 

7.5 

3.3 

4.1 

1982  

10,823 

818 

845 

377 

468 

7.8 

3.5 

4.3 

1983  

10.964 

760 

803 

350 

453 

7.3 

3.2 

4.1 

1984  

11,319 

762 

872 

411 

461 

7.7 

3.6 

4.1 

1985  

1 1 .833 

935 

998 

478 

520 

8.4 

4.0 

4.4 

1986  

  12.398 

999 

1.038 

538 

500 

8.4 

4.3 

4.0 

1987  

1 3,068 

1.091 

1.111 

635 

476 

8.5 

4.9 

3.6 

1988  

  13.554 

1,190 

1.227 

666 

561 

9.1 

4.9 

4.1 

1989  

  13.792 

1.267 

1.304 

662 

642 

9.5 

4.8 

4.7 

Computer  sciences 

1972  

  2.901 

679 

638 

405 

233 

22.0 

14.0 

8.0 

1973  

  2.938 

735 

653 

451 

202 

22.2 

15.4 

6.9 

1974  

  3.746 

721 

747 

477 

270 

19.9 

12.7 

7.2 

1975  

  4.473 

743 

746 

452 

294 

16.7 

10.1 

6.6 

1976  

  4.748 

697 

731 

386 

345 

15.4 

8.1 

7.3 

1977  

,     ,  4.604 

704 

724 

474 

250 

15.7 

10.3 

5.4 

1978  

  4.426 

699 

NA 

NA 

NA 

NA 

NA 

NA 

1979  

  5,853 

790 

817 

581 

236 

14.0 

9.9 

4.0 

1980  

  6.587 

953 

1.036 

678 

358 

15.7 

10.3 

5.4 

1981  

  7.445 

1.008 

1.098 

715 

383 

14.7 

9.6 

5.1 

1982  

  9,171 

1.075 

1.191 

763 

428 

13,0 

8.3 

4.7 

1983  

10.687 

1.130 

1.403 

843 

560 

13.1 

7.9 

5.2 

198-^  

  11,587 

1.269 

1.635 

971 

664 

14.1 

8.4 

5.7 

1985  

  14,101 

1.638 

2.076 

1.073 

1.003 

14.7 

7.6 

7.1 

1986  

  15.310 

1.892 

2.354 

1.148 

1.206 

15.4 

7.5 

7.9 

1987  

  15.572 

2.084 

2.837 

1.507 

1.330 

18.2 

9,7 

8.5 

1988  

  15.596 

2.226 

3.054 

1,646 

1.408 

19.6 

10.6 

9,0 

1989  

  16.026 

2.347 

3.202 

1.668 

1.534 

20.0 

10.4 

9.6 

(continued) 
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Appendix  table  5-25. 

Full-time  graduate  students  in  science  and  engineering  supported  by  research  assistantships  (RA),  by  source 
and  field:  1972-89 

(page  3  of  4) 


Federal 

Federal  Non-Federal 

Total 

Federal 

Non-Federal 

Total 

support 

RA        RA  support  RA  support 

RA  support 

RA  support 

RA  support 

Environmental  sciences 

1972. 
1973. 
1974. 
1975. 
1976. 
1977. 
1978. 
1979. 

1980. 
1981  . 
1982. 
1983. 
1984. 
1985. 
1986. 
1987. 
1988. 
1989. 


1972. 
1973. 
1974. 
1975. 
1976. 
1977. 
1978. 
1979. 

1980. 
1981  . 
1982. 
1983. 
1984. 
1985. 
1986. 
1987. 
1988. 
1989. 


1972. 
1973. 
1974. 
1975. 
1976. 
1977. 
1978. 
1979. 


Life  sciences 


Psychology 


 -  - 

—Number 



—   

Percent 

7,210 

2,619 

2.398 

1,666 

732 

33.3 

23.1 

10.2 

7,767 

2,480 

2,551 

1.780 

771 

32.8 

22.9 

9.9 

8,335 

2.561 

2,665 

1,941 

724 

32.0 

23.3 

8.7 

9,677 

2,693 

2,838 

2,089 

749 

29.3 

21.6 

7.7 

10.219 

2,964 

3,196 

2,287 

909 

31.3 

22.4 

8.9 

10.556 

3.117 

3.234 

2,318 

916 

30.6 

22.0 

8.7 

10,012 

3.169 

NA 

NA 

NA 

NA 

NA 

NA 

10.724 

3.523 

3,587 

2,706 

881 

33.4 

25.2 

8.2 

10,969 

3.442 

3,770 

2,702 

1,068 

34.4 

24.6 

9.7 

11,038 

3,010 

3,469 

2,402 

1,067 

31,4 

21.8 

9.7 

11,436 

2,854 

3,339 

2.323 

1.016 

29.2 

20.3 

8.9 

12.049 

2.874 

3.545 

2.348 

1.197 

29.4 

19.5 

9.9 

11.819 

2.848 

3,574 

2,324 

1.250 

30.2 

19.7 

10.6 

11.439 

2.960 

3,723 

2.410 

1.313 

32.5 

21.1 

11.5 

11,323 

3.033 

3,834 

2.372 

1,462 

33,9 

20.9 

12.9 

10,543 

2.868 

3.660 

2,251 

1.409 

34.7 

21.4 

13.4 

10,296 

2,799 

3.891 

2.317 

1.574 

37.8 

22.5 

15.3 

10,088 

2,842 

4,124 

2.394 

1.730 

40.9 

23,7 

17.1 

36,751 

12,868 

8.742 

4.023 

4.719 

23.8 

10.9 

12.8 

40,830 

12,563 

9.461 

4.292 

5.169 

23,2 

10,5 

12.7 

55,048 

16.802 

10.851 

5.025 

5.826 

19.7 

9.1 

10.6 

63.513 

17.594 

1 1 .322 

5,373 

5.949 

17,8 

8.5 

9.4 

66,235 

18.237 

12,593 

6.045 

6.548 

19.0 

9.1 

9.9 

68.828 

19,465 

13.077 

6.172 

6.905 

19.0 

9.0 

10.0 

65.257 

19.634 

NA 

NA 

NA 

NA 

NA 

NA 

71,150 

21.240 

15,421 

7,230 

8.191 

21.7 

10.2 

11.5 

72,409 

21.317 

15,910 

7.634 

8.276 

22.0 

10.5 

11.4 

72.241 

20.476 

16,362 

7.606 

8,756 

22.6 

10.5 

12.1 

70,254 

18.389 

16,251 

7.287 

8.964 

23.1 

10.4 

12.8 

70.062 

17.678 

16.514 

7.272 

9.242 

23.6 

10.4 

13.2 

70,597 

17.787 

17.602 

7.400 

10.202 

2A-.9 

10.5 

14.5 

70,311 

18.604 

17,932 

7.996 

9,936 

25.5 

11.4 

14.1 

71.285 

13.014 

19.257 

8.571 

10.686 

27.0 

12.0 

15.0 

72,463 

20.213 

20.301 

9.377 

10.924 

28.0 

12.9 

15.1 

74.168 

20.807 

21.654 

10.069 

11.585 

29.2 

13.6 

15.6 

77,001 

21.931 

23,264 

10,872 

12.392 

30.2 

14.1 

16.1 

15.308 

4.708 

1.777 

1,006 

771 

11.6 

6.6 

5.0 

15.191 

4.166 

1.930 

913 

1.017 

127 

6.0 

6.7 

19.044 

4.425 

2.291 

1.042 

1.249 

12.0 

5.5 

6.6 

24.109 

4.330 

2.213 

1.006 

1.207 

9.2 

4.2 

5.0 

25.649 

4,311 

2.201 

977 

1.284 

8.8 

3.8 

5.0 

25.710 

4,261 

2.312 

1.039 

1,273 

9.0 

4.0 

5.0 

20.740 

3,937 

NA 

NA 

NA 

NA 

NA 

NA 

25.865 

3,603 

2,528 

1.170 

1.358 

9.8 

4.5 

5.38 

(continued) 
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Appendix  table  5-25. 

Full-time  graduate  students  in  science  and  engineering  supported  by  research  assistantships  (RA),  by  source 
and  field:  1972*89 

(page  4  of  4) 


Federal 

Federal 

Non-Federal 

Total 

Federal 

Non-Federal 

Total 

support 

RA 

RA  support 

RA  support 

RA  support 

RA  support 

RA  support 

Psychology 

—  Number- 

 Percent 

1980  

26,692 

3.390 

2.571 

942 

1.629 

9.6 

3.5 

6.1 

1981  

  26.725 

3,055 

2.890 

1.036 

1.854 

10.8 

3.9 

6.9 

1982  

  25,818 

2,414 

2.723 

927 

1.796 

10.5 

3.6 

7.0 

1983  

26,701 

2.141 

2.962 

944 

2.018 

11.1 

3.5 

7.6 

1984  

26,108 

2,062 

3,027 

962 

2,065 

11.6 

3.7 

7.9 

1985  

  25,769 

2,057 

3.082 

1,017 

2.065 

12.0 

3.9 

8.0 

1986  

  26,521 

2,035 

3.119 

1.021 

2,098 

11.8 

3.8 

7.9 

1987  

  27,426 

2.052 

3,231 

1.078 

2,153 

11.8 

3.9 

7.9 

1988  

,  .  ,  .  28,412 

2,167 

3.743 

1.210 

2,533 

13.2 

4.3 

8.9 

1989  

  30,221 

2.208 

3,900 

1.271 

2.629 

12.9 

4.2 

8.7 

Social  sciences 

1972  

  32,534 

5,553 

3,654 

1,149 

2,505 

11.2 

3.5 

7.7 

1973  

  32,551 

4,765 

3.996 

1.147 

2,849 

12.3 

3.5 

8.B 

1974  

  40,285 

5,133 

4.788 

1,350 

3,438 

11.9 

3.4 

8.5 

1975  

  48,293 

4.656 

4.830 

1.403 

3,427 

10.0 

2.9 

7.1 

1976  

  47.096 

5,148 

4,897 

1.349 

3,548 

10.4 

2.9 

7.5 

1977  

47,729 

5.360 

4.925 

1.399 

3,526 

10.3 

2.9 

7.4 

1978  

  41,257 

4.433 

NA 

NA 

NA 

NA 

NA 

NA 

1979  

46,901 

4.553 

5,223 

1,408 

3,815 

11.1 

3,0 

8.1 

1980  

  47.271 

4,296 

5.298 

1.447 

3,851 

11.2 

3.1 

8.1 

1981  

  46,503 

3.810 

5.212 

1.271 

3.941 

11.2 

2.7 

8.5 

1982  

44,437 

3.235 

4,883 

971 

3,912 

11.0 

2.2 

8.8 

1983  

  43,740 

3.215 

5.059 

935 

4,124 

11.6 

2.1 

9.4 

1984  

  42,776 

2,963 

5.180 

916 

4,264 

12.1 

2.1 

10.0 

1985  

  43,052 

2.948 

5.102 

976 

4,126 

11.9 

2.3 

9.6 

1986  

  43.077 

2.670 

5.138 

888 

4,250 

11.9 

2.1 

9.9 

1987  

  43.719 

2,624 

5.517 

921 

4,596 

12.6 

2.1 

10.5 

1988  

  44,089 

2.691 

5.634 

925 

4,709 

12.8 

2,1 

10,7 

1989  

  45,747 

2.797 

6,308 

1.005 

5,303 

13.8 

2.2 

11,6 

Engineering 

1972  

  32.191 

1 1 .476 

9,731 

6.416 

3.315 

30.2 

19.9 

103 

1973  

  31.226 

10.468 

10,380 

6.554 

3.826 

33.2 

21.0 

12.3 

1974  

  33.737 

10.189 

11,103 

6.781 

4,322 

32.9 

20.1 

12.8 

1975  

37,813 

10.263 

10.987 

6,935 

4,052 

29.1 

18.3 

10.7 

1976  

  36.964 

10.575 

1 1 ,328 

7.213 

4,115 

30.6 

19.5 

11,1 

1977  

  37.565 

10,637 

11.877 

7,550 

4.327 

31.6 

20.1 

11.5 

1978  

  37.057 

10,451 

NA 

NA 

NA 

NA 

NA 

NA 

1979  

  40.393 

10.811 

12,911 

8.014 

4.897 

32.0 

19.8 

12.1 

1980  

  43,107 

11.191 

14.007 

8.548 

5.459 

32.5 

19.8 

12.7 

1981  

  46.257 

10.974 

14.482 

8,535 

5.947 

31.3 

18.5 

12.9 

1982  

  50,239 

1 1 .095 

14.701 

8.577 

6.124 

29.3 

17.1 

12.2 

1983  

  54.327 

1 1 .985 

15.638 

9,010 

6.628 

28.8 

16.6 

12.2 

1984  

  55,539 

11.590 

16.315 

8.676 

7.669 

29.4 

15.6 

13.8 

1985  

  56,293 

11,267 

17.965 

8,427 

9.538 

31.9 

15.0 

16.9 

1986  

  60,726 

12,379 

20.490 

9.558 

10^32 

33.7 

15.7 

18.0 

1987  

  62,229 

13,131 

22,169 

10.371 

1 1 ,798 

35.6 

16.7 

19.0 

1988  

  63.478 

14.031 

23.468 

10.980 

12,488 

37.0 

17.3 

19.7 

1989  

  64.580 

14,253 

24,636 

11.282 

13,354 

38.1 

17.5 

20.7 

NA  =  not  available 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  Academic  Science  and  Engineering:  Graduate  EnroHmont  and  Support,  Fall 
1989,  Detailed  Statistical  Tables.  NSF  90-324  Final  (Washington,  DC:  NSF.  1991). 
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Appendix  table  5-26. 

U.S.  and  world  scientific  and  technical  articles,  by  field:  1973-87 


^-J^                                               ^^7^       "{^4       1975        1976        1977       1978  1979  1980  1981        1982       1983        1984       1985       1986  1987 

articles  as  percentage  of  all  articles  

Total  T7~7Z"^~'.  38.2        377        37\3        37^4        37J        367  37J  36^5  35^9       35.9       35.4       35.4       35.3        35.6  35,6 

Clinical  medicine                                    42.8        42.5        42.6        43.0        43.2        43.1  43.1  43.0  41.3        41.1        40.3        40.9        40.3        40.0  39.9 

S^^^^^^^^^^^                              39.2        38.4        38.6        38.8        39.1        38.7  40.5  39.7  39.5        39.7        39.3       39.5        37.8        38.4  38.2 

Bioloav                                 .    .        46.4        45.7        44.7        44.2        41.7        41.7  42.7  42.0  37.6        38.4        37.6       37.2        37.5       38.1  37.3 

Chemistry 23  3        22.2        217        21.8        217        21.1  21.2  20.8  20.0        21.2        20.3        20.6        21.0        22.2  22.2 

Phvsics                                            32  7        33.5        32.4        31.2        30.5        30.8  30  0  30.1  28.6        28.1        27.8        27.3        29.4        30.3  30.1 

Earth  and  space  sciences                       467        46.8        43.8        46.1        45.1        44.9  44.6  42.4  42.7        42.4        41.6        41.3        43.0        42.6  42.6 

Engmeenng  and  technology                      41.8        417        40.6        41.1        40.2        39.4  407  39.4  407        40.6        40.9        39.5        38.6        37.3  37.9 

Mathematics                                           47.9        46.0        44.0        42.9        41.1        40.4  40.5  39.7  38.2        39.0        38.5        37.2        38.3        40.3  40.7 

__                                                     Number  of  U.S.  articles  

Total  .Tr.T  .  .T                             103778   100,066     97,278     99^970     97,854     99,207  99,377  98,394  132,278   133,622   132,413   131.111    137,771    137,770  134,497 

Chnic-.l  medicine                               32  638     31,691     31,334     32,920     33,516     34,966  33,975  34,612  48,072     48,530     48,055     48735     50,595     50,637  49,904 

BilelS^^^^^^^                                16  115     15,607     15,901     16,271     16,197     16,611  17,649  17,582  21,847     22,732     22,496     22,196     24,461     24,765  24,542 

Booav                                          11  150     10,700     10,400     10,573      9,904      9,663  10,553  9,594  14,740     14,974     14,216     14,166     13,083     13,000  12,231 

Phemiktrv 10474      9  867      9,222      9,337      8.852      9,266  9,182  9,250  10,880     11,758     11,010     11,137     11,585     12,313  11,827 

pZ^'c'                                         11  721     11  945     11,363     11.502     10.995     11,015  10,995  11,415  13,053     13,255     13,021     12,691     15,903     16,360  16,078 

Earth -.nd  soace  sciences 5^591       5,371      4,975      5,537      5.197      5,043  5,167  4,832  7,257      7,057      6,86?      6,748      7,663      7,811  7,797 

Ernrelqa^^^                               11  955     11  088     10,431     10346     10.081       9,694  9,018  8,461  12,486     11,619     13,105     11,976     10,822      9,775  9,225 

LXmaJcs                    7               4:134      3797      3,652      3,484      3,112      2,949  2,838  2,648  3,943      3.697      3,648      3,462      3,659      3,109  2.893 

Total  numt)er  of  articles  

Total  .          .  . '77 ~T7'.T             277,572 "ieSJSO  260.908~767,354   263.700  270.126  267,954  269,557  368,934  371,760  373.549  369.930  389.846  387,028  378.313 

Clinical  medinne                    .     •      76.209     74,509     73,485     76,599     77,597     81,207  78,827  80,533  116,371    118,186  119,325   119,09^    125,532   126,463  124,975 

B™^^^                                  .      41,155     40,632     41,244     41,891     41.388     42,968  43,631  44,267  55,303     57,203     57,289     56,223     64717     64,550  64,216 

B  loav                                          24  047     23  414     23,260     23,905     23,757     23,176  24,734  22,838  39.232     39,025     37,788     38,093     34,896     34,127  32,775 

CUomluv 45  004     44.529     42.502     42,773     40,734     43,850  43,273  44,448  54,432     55,381     54,186     54,117     55,268     55,558  53,236 

35  864     35  708     35,104     36,902     36,057     35,815  36,700  37,944  45,561     47,229     46,902     46,450     54,044     54,056  53,377 

r  Jth  and  spacP  sciences 1l'.977     11,479     11,356     12,011     11,531     11,224  11,596  11,395  16,991     16,660     16,508     16,334     17,834     18,351  18,285 

rZ^^Z^^      :    .:      28,617     26.600     25.664     25,146     25,063     24,588  22,182  21,459  30,710     28,602     32.073     30.310     28,004     26,201  24, 

M;„homatics                                        8.639      8,259      8,293      8,127      7,573      7,298  7,011  6,673  10,334      9.474      9,478      9,309      9,551       7,722  7,105 

NDTf  S  AM,rl...,  wrmo..  by  res..a.chors  from  more  than  one  country  are  prorated  according  to  the  number  ol  author  Inslilutions  in  each  country.  For  example^  a  paper  authored  by  two  U.S.  scientists  and  one  French  scientist 
[J'SiK- cSitt^rS^^^^^^  an,cle  and  or^e-third  c!  a  French  arl.cle  Data  are  based  on  more  than  3,200  U.S.  and  foreign  journals  on  the  1981  Science  Citation  Index  Corporate  Tapes. 

SC>UF^Gl-  CHI  He^,earch  Inc .  Science  &  Enginoeiing  Indicators  Literature  Data  Base.  1989,  special  tabulations. 
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Appendix  table  5-27. 

Contribution  of  selected  countries  to  world  literature,  by  field:  1981  and  1987 


Total 
European 

Total       United  Community  United  West 


Field 

articles 

States 

countries 

Kingdom  Germany 

France 

USSR 

Japan 

Canada 

1981 

Percent 

Total  

368.934 

35.9 

26.3 

8.3 

7.3 

5.0 

8.0 

6.8 

3.9 

116.371 

41.3 

28.9 

9.8 

7.0 

5.2 

3.3 

5.1 

3.4 

Biomedical  research  

55,303 

39.5 

26.9 

8.5 

7.1 

5.2 

5.7 

6.2 

4.1 

39,232 

37.6 

22.4 

9.0 

6.0 

3.5 

2.8 

6.1 

6.3 

Chemistry  

54,432 

20.0 

26.2 

6.6 

8.4 

5.9 

167 

10.9 

3.1 

Physics  

45,561 

28.6 

25.8 

6.4 

7.7 

5.9 

16.8 

8.2 

2.9 

Earth  and  space  sciences  

16.991 

42.7 

22.8 

8.5 

4.9 

4.6 

10.0 

2.3 

5.2 

Engineering  and  technology  

30.710 

40.7 

22.9 

8.5 

7.6 

3.3 

7.6 

9.2 

4.2 

Mathematics  

10.334 

38.2 

26.2 

6.1 

11.0 

5.6 

7.6 

4.3 

5.1 

1987 

Total  

378,313 

35.6 

26.5 

8.0 

6.8 

4.8 

73 

7.6 

4.4 

Clinical  medicine  

124,975 

39.9 

28.9 

10.0 

6.2 

4.5 

2.8 

6.7 

4.1 

Biomedical  research  

64,216 

38.2 

25.5 

7.6 

6.4 

5.0 

8.0 

7.1 

4.3 

Biology  

32.775 

37.3 

22.4 

8.8 

5.6 

3.2 

23 

6.9 

8.6 

Chemistry  

53.236 

22.2 

27.5 

6.0 

8.8 

5.9 

rj.9 

10.8 

3.2 

Physics  

53.377 

30.1 

26.2 

5.6 

8.1 

6.0 

14.3 

8.5 

2.8 

Earth  and  space  sciences  

18.285 

42.6 

22.6 

7.3 

4.6 

4.8 

7.1 

3.5 

6.8 

Engineering  and  technology  

24.344 

37.9 

22.5 

7.5 

7.6 

3.4 

5.6 

10.1 

5.1 

Mathematics  

7,105 

407 

28.6 

8.6 

6.7 

5.0 

4.8 

3.6 

4.5 

NOTES:  Articles  written  by  researchers  from  more  than  one  country  are  prorated  according  to  the  number  of  author  institutions  in  each  country.  For 
example,  a  paper  authored  by  two  U.S.  scientists  and  one  French  scientist  would  be  counted  as  two-thirds  of  a  U.S.  article  and  one-third  of  a  French 
article.  Data  are  based  on  more  than  3.200  U.S.  and  foreign  journals  on  the  1981  Science  Citation  Index  Corporate  Tapes. 

SOURCE:  CHI  Research.  Inc..  Science  &  Engineering  Indicators  Literature  Data  Base.  1989.  special  tabulations. 

See  figure  0-1 8  in  Overview.  Science  &  Engineering  Indicators  -  1991 
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Appendix  A.  Appendix  Tables 


Appendix  table  5-28. 

Patents  awarded  to  U.S.  universities,  by  technology  class:  1969*90 

(page  1  of  7) 


ecnnoioyy  ciass 

1Q7fi-80 

1981-85 

1986-90 

1  www   w  V/ 

1,694 

1,739 

2,462 

4,664 

5 

1 

1 

30 

0 

1 

4 

3 

4  Baths,  closets,  sinks,  spittoons  

0 

1 

0 

0 

c  RoHq 

1 

1 

0 

2 

8  Bleaching  &  dying;  fluid  treatment  & 

chemical  modification  of  textiles  &  fibers. 

1 

3 

3 

2 

15  Brushing,  scrubbing  &  general  cleaning  .  .  . 

5 

1 

1 

0 

0 

0 

0 

0 

19  Textiles,  fiber  preparation  

0 

1 

0 

0 

23  Chemistry,  physical  processes  

1 

0 

2 

0 

0 

0 

0 

2 

0 

0 

0 

1 

29  Metal  working  

7 

1 

1 

10 

0 

2 

2 

2 

34  Drying  &  gas  or  vapor  contact  with  solids .  . 

2 

4 

3 

1 

1 

1 

1 

0 

40  Card,  picture  &  sign  exhibiting  

0 

1 

0 

1 

43  Fishing,  trapping  &  vermin  destroying  .... 

1 

1 

1 

2 

44  Fuel  &  related  compositions  

0 

2 

17 

12 

5 

10 

14 

9 

3 

5 

4 

1 

4 

4 

0 

3 

4 

2 

8 

5 

2 

1 

0 

0 

0 

0 

0 

1 

13 

8 

13 

20 

34 

9 

7 

4 

6 

6 

8 

7 

7 

10 

15 

19 

65  Glass  manufacturing  

6 

2 

1 

12 

0 

0 

1 

1 

71  Chemistry,  fertilizers  

5 

8 

8 

26 

6 

1 

1 

0 

7^3    Moaciirinn  anH  toctinn 

69 

59 

71 

105 

74  Machine  elements  &  mechanisms  

6 

7 

5 

8 

8 

9 

10 

14 

76  Metal  tools  &  implements -rraking  

0 

0 

1 

0 

0 

0 

0 

2 

0 

1 

0 

0 

4 

0 

1 

1 

3 

4 

3 

3 

87  Textiles,  braiding,  netting,  lace  making.  .  .  . 

0 

0 

0 

1 

0 

0 

0 

7 

9  i  Motors,  expansible  chamber  type  

1 

0 

0 

1 

92  Expansible  chamber  devices  

0 

0 

2 

2 

2 

0 

0 

0 

99  Foods  &  beverages  -  apparatus  

1 

2 

3 

1 

2 

1 

1 

1 

2 

0 

0 

0 

102  Ammunition  &  explosives  

0 

1 

0 

1 

10 

1 

2 

6 
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Appendix  table  5-28. 

Patents  awarded  to  U.S.  universities,  by  technology  class:  1969-90 

(page  2  of  7) 


Technology  class 


1969-75  1976-80  1981-85  1986-90 


Compositions,  coating  or  plastic  

Horizontally  supported  planar  surfaces 

Furnaces  

Planting  

Sewing  

Ships  

Signals  &  indicators  

118  Coating  apparatus  

119  Animal  husbandry  

122  Liquid  heaters  &  vaporizers  


106 
108 
110 
111 
112 
114 
116 


123  Internal  combustion  engines  

124  Mechanical  guns  &  projectors  

125  Stone  working  

126  Stoves  &  furnaces  

127  Sugar,  starch  &  carbohydrates  .... 

128  Surgery  

131  Tobacco  

132  Toilet  

1 34  Cleaning  &  liquid  contact  with  solids 

135  Tents  canopies  umbrellas  &  canes  . 


136  Batteries,  thermoelectric  &  photoelectric 

137  Fluid  handling  

1 38  Pipes  &  tubular  conduits  

139  Textiles,  weaving  

1 4 1  Fluent  materials  handling  with 

receiver  or  receiver  coating  means  . . 

Woodworking  

Metal  treatment  

Explosives  &  thermic  compositions 

&  charges  

Adhesive  bonding  &  misc.  chemical 

manufacture  

1 59  Concentrating  evaporators  


144 
148 
149 

156 


160 

162 
164 
165 
166 
169 
171 
172 
173 
174 


Closures,  partitions  &  panels. 

flexible  &  portable  

Paper  making  &  fiber  liberation  .  .  . 

Metal  founding  

Heat  exchange  

Wells  

Fire  extinguishers  

Unearthing  plants  or  buried  objects 

Earth  working  

Tool  driving  &  impacting  

Electricity  conductors  &  insulators  . 


175  Boring  &  penetrating  earth  

177  Weighing  scales  

178  Telegraphy  

1 80  Motor  vehicles  

181  Acoustics  

185  Motors,  springs,  weight  & 

animal  powered  

188  Brakes  

1 94  Check  actuated  control  mechanisms 

1 98  Conveyors  power  driven  

200  Electricity,  circuit  makers  &  breakers 


6 

6 

6 

6 

1 

1 

4 

0 

1 

0 

10 

3 

4 

0 

7 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

0 

1 

5 

3 

4 

5 

5 

6 

7 

19 

1 

0 

1 

4 

5 

9 

5 

H  C 
10 

0 

1 

0 

0 

0 

0 

0 

1 

2 

16 

13 

3 

0 

3 

11 

1 

68 

67 

1 10 

224 

4 

2 

0 

4 

1 

0 

0 

0 

0 

4 

7 

4 

1 

0 

0 

1 

2 

15 

28 

4 

n 

7 

3 

5 

0 

0 

1 

1 

0 

0 

1 

0 

1 

4 

1 

1 

2 

0 

2 

0 

2 

11 

11 

15 

1 

0 

0 

0 

5 

6 

19 

48 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

3 

4 

3 

3 

5 

4 

2 

3 

5 

12 

2 

3 

9 

5 

0 

0 

1 

0 

5 

3 

n 
0 

■4 
1 

0 

7 

1 

0 

1 

0 

1 

2 

2 

3 

0 

3 

1 

3 

5 

1 

1 

0 

0 

2 

5 

1 

1 

1 

0 

1 

1 

3 

0 

1 

5 

1 

1 

0 

0 

0 

3 

2 

1 

0 

1 

0 

0 

1 

6 

1 

7 

0 

1 

0 

0 

5 

(continued) 
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Appendix  A.  Appendix  Tables 


Appendix  table  5-28. 

Patents  awarded  to  U.S.  universities,  by  technology  class:  1969-90 

(page  3  of  7) 


Technology  class  1969-75  1976-80  1981-85  1986-90 


1 

n 

n 

n 

202 

1 

0 

0 

1 

203 

0 

2 

3 

5 

204 

Chemistry:  electrical  and  wave  energy. . .  . 

41 

36 

65 

92 

206 

Receptacle  or  package,  special  

1 

0 

0 

8 

208 

Mineral  oils,  processes  &  products  

2 

3 

9 

5 

209 

Classifying,  separating  &  assorting  solids.  . 

19 

9 

12 

19 

210 

27 

32 

34 

59 

211 

1 

0 

2 

0 

215 

2 

0 

0 

0 

219 

Electric  heating  

6 

8 

9 

15 

220 

1 

0 

1 

2 

1 

1 
1 

1 
1 

1 

1 

222 

2 

4 

3 

2 

225 

Severing  by  tearing,  breaking  

1 

0 

0 

0 

226 

Advancing  material  of  indeterminate 

length  

0 

0 

0 

1 

228 

Metal  fusion  bonding  

1 

1 

0 

4 

235 

Registers  

1 

1 

0 

1 

236 

Automatic  temperature  &  humidity 

regulation  

0 

0 

0 

1 

238 

Railways  surface  track  

0 

0 

2 

0 

239 

Fluid  sprinkling,  spraying,  diffusing  

3 

1 

4 

7 

241 

Solid  material  comminution. 

HiQinf^nrnfif^n 

7 

1 

2 

5 

242 

Winding  &  reeling  

2 

1 

0 

3 

244 

Aeronautics  

8 

3 

2 

4 

248 

2 

0 

0 

3 

249 

Molds,  static  

1 

0 

0 

0 

250 

Radiant  energy  

38 

64 

46 

117 

251 

2 

1 

0 

5 

252 

10 

15 

20 

26 

254 

Appantus,  implements  for  applying 

pushing,  pulling  force  

1 

1 

0 

0 

256 

Fences   

0 

0 

0 

1 

9fin 

5 

5 

5 

7 

261 

Gas,  liquid  contact  apparatus  

1 

0 

2 

0 

264 

Plastic  &  nonmetallic  article  shaping 

and  treating  processes  

9 

18 

19 

31 

266 

Metallurgical  apparatus  

0 

0 

0 

1 

267 

Device,  spring  

1 

0 

0 

269 

Work  holders  

0 

1 

1 

1 

272 

Devices,  amusement  &  exercising  

1 

0 

3 

12 

273 

1 

5 

0 

3 

277 

0 

0 

0 

5 

279 

Chucks,  sockets  

0 

0 

1 

0 

280 

2 

0 

15 

4 

283 

Printed  matter  

1 

0 

0 

0 

285 

Pipe  joints,  couplings  

1 

0 

0 

0 

289 

Knots,  knot  tying  

1 

0 

0 

0 

290 

1 

2 

2 

0 

292 

Fasteners,  closure  

0 

0 

1 

0 

293 

Vehicle  fenders  

1 

0 

0 

0 

294 

Implements,  handling-hand  &  hoist  line  .  .  . 

0 

1 

1 

5 

296 

Vehicles,  land-bodies  &  tops  

0 

2 

1 

0 
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Appendix  table  5-28. 

Patents  awarded  to  U.S.  universities,  by  technology  class:  1969-90 

(page  4  of  7) 


Technology  class  1969-75  1976-80  1981-85  1986-90 


297 

1 

0 

0 

1 

299 

Mining,  in  situ  disintegration 

2 

1 

1 

2 

307 

Electrical  transmission  or 

interconnection  systems  

30 

13 

8 

13 

310 

Electrical  generator  or  motor  structure  .... 

28 

8 

10 

18 

312 

Supports,  cabinet  structures  

2 

1 

1 

0 

313 

Electric  lamp  &  discharge  devices  

4 

6 

1 

3 

315 

Electric  lamp  &  discharge 

11 

7 

7 

9 

318 

Electricity,  motive  power  systems  

9 

5 

5 

4 

320 

Electricity,  battery  &  condenser 

1 

0 

1 

1 

322 

Electricity,  single  generator  systems  

0 

1 

2 

2 

323 

Electricity,  power  supply  or  regulation  systems 

3 

1 

1 

2 

324 

Electricity:  measuring  and  testing  

30 

16 

37 

129 

Plpntrinitv  mi^n  pipntron  soace 

discharge  device  systems  

3 

2 

4 

5 

329 

Eleclr  -  demodulators  &  detectors  

3 

0 

0 

0 

330 

13 

6 

5 

13 

331 

Electr  -  amplifiers  

8 

4 

2 

6 

332 

3 

0 

1 

1 

333 

Wave  lran?5mission  lines  &  networks  

12 

14 

9 

10 

335 

Eleclr  -  modulators  

3 

1 

0 

5 

336 

Eleclr  •  wave  transmission  lines 

&  networks  

2 

0 

0 

0 

338 

6 

2 

1 

5 

340 

Communications,  electrical  

18 

8 

7 

18 

341 

Electr  -  magnetically  operated  switches 

magnets  &  electromagnets  

5 

2 

1 

13 

342 

Eleclr  -  inductor  devices  

12 

7 

3 

8 

343 

Communications,  radio  wave  antennas  .  .  . 

18 

5 

5 

3 

346 

Eleclr  -  switches  eleclrolhermicaliy  or 

thermically  actuated  

3 

1 

0 

1 

350 

Optics,  systems  and  elements  

20 

24 

42 

119 

351 

Eleclr  -  resistors  

4 

2 

2 

17 

352 

Eleclr  •  communications  

1 

0 

0 

2 

353 

Optics,  image  projectors  

1 

0 

0 

0 

354 

1 

1 

3 

0 

355 

Photocopying  

1 

0 

0 

0 

356 

Optics,  measuring  and  testing  

19 

24 

31 

86 

357 

Active  solid  stale  devices  eg  transistors. 

10 

17 

19 

60 

358 

Pictorial  communication;  television  

14 

14 

12 

39 

360 

Info  iGch  -  dynamic  magnetic  info 

storage  ^  retrieval  

10 

5 

1 

3 

361 

Eleclr  •  electrical  systems  &  devices  

8 

4 

1 

7 

362 

Eleclr  -  illumination  

3 

0 

0 

2 

363 

Eleclr  •  power  conversion  systems  

3 

8 

7 

12 

364 

Electrical  computers  and  data 

processing  systems  

32 

26 

36 

137 

(continued) 
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Appendix  table  5-28. 

Patents  awarded  to  U.S.  universities,  by  technology  class:  1989-90 

(page  5  of  7) 


Technology  class 

1969-75 

1976-80 

1981-85 

1986-90 

365 

Static  information  storage  &  retrieval  

7 

7 

366 

1 

A 
*\ 

Q 
C. 

9 

367 

Electr  -  communications-acoustic  wave 

1  1 

D 

0 
u 

Q 

368 

Measuring:  horology-time  meas 

4 

1 

0 

1 

369 

Info  tech  •  dynamic  info  storage 

r\ 

u 

9 

370 

Electr  •  communications  multiplex  

q 

o 

9 

1*^ 

371 

Electr  -  error  detection/correct  and 

9 

r 

1 

4 

7 

372 

Coherent  light  generators  

1R 

1  ij 

14 

27 

74 

373 

Heating  -  industrial  electric  furnaces  

o 

n 

0 

1 

374 

Measuring  •  thermal  meas  &  testing  

1 

D 

Q 

\5 

14 

375 

Electr  -  communications,  pulse  or  digital  .  . 

\j 

9 

9 

Q 

376 

Nuclear  -  induced  reactions  systems 

1 

A 

O 

D 

377 

Electr  -  pulse  counters,  dividers; 

A 

0 

1 
1 

a 

378 

X-ray  or  gamma-ray  systems  or 

17 

25 

17 

33 

379 

Nuclear  -  x-ray  gamma  ray  sys,  devices.  .  . 

1 

n 
u 

i 

o 

380 

n 

u 

o 

o 

9 

381 

Electrical  audio  signal  processing  and 

o 

7 

IP 

18 

382 

1 

1 
1 

14 

384 

Q 

o 

n 

u 

n 

u 

q 

400 

Typewriting  machines  

0 

n 

u 

1 

1 

1 

1 

403 

0 

VJ 

1 

404 

Road  structure  process,  apparatus  

0 

0 

0 

2 

405 

Earth,  hydraulic  engineering  

6 

2 

6 

6 

406 

Q 
O 

tj 

q 

\ 

407 

n 

u 

n 

n 

2 

409 

Gear  cutting,  milling,  planing  

1 

1 

1 

1 

0 

414 

4 

10 

415 

Motors,  pumps-rotary  kinetic  fluid  

n 

u 

9 

1 
1 

0 

416 

Fluid  reaction  surfaces-impellers  

n 

u 

1 

1 
1 

0 

417 

10 

4 

7 

418 

Expansible  chamber  devices-rotary  

tJ 

0 

0 

0 

419 

Powder  metallurgy-processes  

1 

n 

9 

R 
«J 

420 

Compositions-alloys  or  metallic 

D 

i 
1 

K 
Q 

422 

Process  disinfecting,  deodorizing,  preserving 

or  sterilizing  &  chemical  apparatus  

Q 

1  P 

14 

423 

Chemistry,  inorganic  

O/ 

oU 

9fi 

'^1 

424 

Drug,  bio-affecting  and  body  treating 

RQ 

WW 

137 

261 

425 

Plastic  or  earthenware  article  shaping, 

-| 

1 

4 

4 

426 

Food  or  edible  material:  processes. 

31 

31 

38 

35 

427 

8 

10 

15 

62 

428 

Stock  material  or  miscellaneous  articles.  .  . 

13 

14 

31 

48 

429 

Chemistry,  electrical  current  producing 

apparatus,  product  &  process  

5 

12 

22 

17 

430 

Radiation  imagery  chemistry-process, 

composition  or  product  

3 

4 

9 

20 
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Appendix  table  5-28. 

Patents  awarded  to  U.S.  universities,  by  technology  class:  1969*90 

(page  6  of  7) 


Technology  class 

431  Combustion  

432  Heating  

433  Dentistry  

434  Education  &  demonstration  

435  Chemistry:  molecular  biology 

and  microbiology  

436  Chemistry:  analytical  and  immunological 

testing  

437  Semiconductor  device  manufacturing, 

process  

439  Electr  -  connectors  

440  Propulsion-marine  

445  Electrical  lamp  etc  ^  

449  Bee  culture  

452  Butchering  

455  Telecommunications  

460  Crop  threshing,  separating  

474  Rotary  shafts  etc.  &  flecible  couplings  for . 

494  Imperforate  bowl,  centrifugal  separators. . 

501  Compositions-ceramic  

502  Catalyst,  solid  sorbent,  or  support  therefor, 

product  or  process  of  making  

503  Record  receiver  with  plural  leaves  or 

colorless  color  former  

505  Superconductor  technology-apparat;mat; 

process  

51 4  Drug,  bio-affectipg  and  body  treating 

compositions  

518  Chemistry-  F/T  processes;  puri/recov 

of  products  

521  Synthetic  resins  or  nat  rubbers- 

cf  class  520  series  

522  Synthetic  resins  or  nat  rubbers- 

cf  class  520  series  

523  Synthetic  resins  or  nat  rubbers- 

cf  class  520  series  

524  Synthetic  resins  or  nat  rubbers- 

cf  class  520  series  

525  Synthetic  resin.'J  or  natural  rubber- 

pf^rtof  class  520  series  

526  Synthetic  resins  or  nat  rubbers- 

cf  class  520  series  

527  Synthetic  resins  or  nat  rubbe'i- 

cf  class  520  series  

528  Synthetic  resins  or  natural  ubber- 

patl  of  class  520  series   

530  Chemistry:  peptides  or  proteins; 

lignins  or  reaction  products  thereof  . .  . 
534  Organic  'compounds  -  cf  class 

532-570  series  

536  Organic  compo  inds- part  of  class 

532-570  series    

540  Organic  compounds  part  of  class 

532-570  series  

544  Organic  compounds  -  cf  class 

532-570  series  


1969-75  1976-80  1981-85  1986-90 


2 

1 

1 

3 

n 
u 

i 
1 

o 

4 

10 

3 

17 

21 

4 

4 

8 

58 

84 

192 

446 

23 

56 

72 

65 

5 

14 

26 

50 

0 

0 

1 

4 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

1 

0 

4 

1 

2 

0 

10 

4 

6 

5 

7 

2 

1 

0 

0 

0 

0 

3 

0 

0 

1 

0 

0 

5 

6 

21 

2 

8 

11 

22 

1 

0 

0 

0 

0 

0 

0 

25 

46 

119 

225 

464 

0 

0 

1 

1 

10 

8 

5 

5 

1 

3 

1 

4 

3 

3 

6 

6 

7 

4 

3 

8 

4 

21 

24 

38 

4 

5 

3 

19 

1 

0 

2 

1 

20 

13 

6 

30 

9 

14 

79 

117 

4 

5 

2 

9 

19 

23 

35 

65 

8 

13 

11 

36 

5 

4 

9 

20 
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Appendix  table  5-28. 

Patents  awarded  to  U.S.  universities,  by  technology  class:  1969-90 

(page  7  of  7) 


Technology  class 

1969-75 

1976-80 

1981-85 

1986-90 

Organic  compounds^part  of  class 

532-570  series  

15 

23 

9 

29 

Organic  compounds-part  of  class 

532-570  senes  

4 

14 

10 

24 

Organic  compounds-part  of  class 

8 

28 

37 

40 

ceo 

552 

Organic  compounds  -  cf  class 

coo  cr^rt  a^wIaa 

25 

25 

31 

15 

556 

Organic  compounds-part  of  class 

10 

7 

13 

26 

558 

Organic  .  ^/Oipounds-part  of  class 

coo    C^t\  r>f\rinrs 

6 

5 

8 

12 

560 

Organic  compounds-part  of  class 

532-570  series  

12 

20 

16 

13 

562 

Organic  compounds-part  of  class 

532-570  series  

10 

8 

5 

9 

CCA 

Organic  compounds  -  cf  class 

7 

7 

5 

10 

568 

Organic  compounds-part  of  class 

532-570  series  

19 

23 

14 

15 

570 

Organic  compounds  -  cf  class 

532-570  series  

2 

0 

1 

3 

585 

Chemistry-hvdrocarbons  

4 

6 

6 

14 

600 

Surgery  

5 

5 

11 

13 

604 

Surgery  

7 

11 

36 

78 

606 

Surgery  

14 

d 

21 

54 

623 

Prosthesis,  parts  thereof  or  aids  and 

accessories  therefor  

21 

14 

22 

54 

800 

Multicellular  living  organisms  or  parts.  .  . 

1 

1 

3 

2 

SOURCF;  TAF  Report,  U.S.  Universities,  U.S.  Patent  and  Trademark  Office.  July  1991. 
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Appendix  table  5-29. 

Patents  awarded  to  the  100  academic  institutions  with  the  greatest  R&D  volume:  1969-90 

(page  1  of  3) 


Total 
1969-90 

1969-71 

A  0*70 

1  y7j 

iy74 

ly  /o 

1  y  /  D 

1 Q77 

1  Q7n 

1 Q7Q 

1  Qnn 

1 QR1 

1985 

1986 

1987 

1988 

1989 

1990 

10,559 

630 

237 

258 

249 

320 

J07 

dnd 

jyu 

4  JD 

4^7 

HO/ 

oo  1 

sJOxJ 

R17 

805 

1,217  1.155 

Patents  to  top  100  R&D  performers.  . . 

8,399 

476 

181 

189 

180 

242 

281 

285 

289 

199 

290 

OOO 

J4J 

41  D 

40  J 

Od  1 

Rn9 

fi71 

1,022 

984 

Massachusetts  Institute  of  Technology  .  . 

1.109 

94 

28 

4U 

of 

AA 

oy 

jy 

Du 

uu 

«j  1 

47 

47 

35 

45 

63 

63 

ini 

110 

752 

59 

16 

25 

22 

17 

22 

25 

23 

1 

d 

OO 

/I9 
4<i 

/in 
4o 

4R 

49 

R4 

OH 

R7 

Of 

fin 

81 

62 

California  institute  of  Technology  

428 

29 

17 

14 

15 

27 

1  O 

1  D 

1  o 

1  <i 

\  D 

1 Q 

1 R 

1  o 

1R 

dO 

97 

1R 

56 

30 

Stanford  University  

415 

3 

3 

6 

7 

16 

19 

18 

10 

4 

11 

10 

4 

16 

36 

38 

33 

48 

54 

43 

36 

University  of  Wisconsin  

338 

15 

12 

13 

8 

17 

20 

25 

13 

7 

28 

26 

17 

13 

16 

17 

17 

11 

20 

27 

16 

Iowa  Stale  University  

332 

42 

11 

14 

20 

15 

1  4 

1  0 

\d 

n 
O 

1  <1 

1  0 

1  n 

1  u 

1  4 

S>1 

Q 

1R 

1 5 

28 

30 

University  of  fvlinnesota  

258 

15 

9 

6 

4 

5 

6 

c 
0 

0 

7 
f 

0 

1  n 
1  u 

q 

1  1 

1R 

9R 

9fi 

40 

38 

Cornell  University   

243 

11 

1 

2 

6 

c 
0 

1  U 

1 U 

1  U 

7 

1  1 

□ 
o 

u 

1  n 

1  u 

14 

1 3 

30 

16 

22 

34 

222 

0 

0 

0 

0 

U 

U 

1 

d 

n 
U 

1 

1 

a 
o 

7 

c; 
o 

n 
o 

9n 

9^1 

21 

?1 

51 

54 

Johns  Hopkins  University'  

214 

9 

—* 

7 

5 

A 

4 

lU 

Q 

o 

Q 

1  u 

o 

Q 

u 

1 0 

1 S 

18 

18 

21 

27 

15 

204 

16 

10 

4 

1 

1o 

1  0 

1  <1 

0 

A 
4 

1  '5 
1  o 

1  1 

1  1 

14 

1R 

g 

4 

2 

\  \ 

15 

University  of  Utah  

198 

15 

8 

o 

d 

c 
0 

f 

0 

1 0 
\  d 

i7 

7 

14 

1  R 

Q 

7 

12 

g 

13 

14 

University  of  Illinois.   

189 

17 

—* 

7 

8 

y 

n 

y 

i  A 

1  1 

1  1 

0 

1  n 

1  u 

Q 
O 

7 
1 

a 
o 

o 

10 

1? 

4 

g 

15 

6 

Ohio  State  University  

176 

38 

12 

8 

3 

4 

7 

9 

8 

0 

3 

4 

5 

8 

3 

10 

5 

12 

14 

1 3 

10 

University  of  Florida  

153 

0 

0 

1 

1 

2 

2 

0 

1 

3 

7 

4 

0 

6 

10 

7 

10 

13 

21 

33 

32 

State  University  of  New  York  

112 

0 

0 

0 

0 

0 

0 

U 

U 

U 

1 

d 

□ 
o 

9 
d 

i  1 
1  1 

«J 

18 

10 

25 

19 

( joorqia  Institute  of  Technology  

112 

6 

U 

c 
0 

1 

1 

d 

O 
d 

c 

%j 

7 

Q 

3 

6 

g 

g 

7 

8 

16 

University  of  Michigan  

109 

0 

0 

0 

A 

4 

U 

d 

Q 

o 

d 

A 

'4 

1 

9 
c 

9 
c 

1 

10 

6 

14 

23 

25 

Harvard  University  

105 

0 

0 

0 

0 

0 

0 

1 

d 

U 

A 

4 

Q 
O 

1  1 

1  n 

1  u 

7 

1 

1 

9 

q 

17 

15 

23 

University  of  Rochester  

100 

0 

0 

0 

U 

U 

A 

4 

d 

A 
4 

n 
U 

o 

7 

Q 

o 

Q 

5 

Q 

9 

11 

13 

University  of  Southern  California  

98 

0 

0 

2 

3 

4 

b 

D 

Ci 

D 

7 

d 

o 

1 

7 

5 

4 

7 

8 

6 

Northwestern  University  

91 

12 

0 

o 

d 

1 

U 

I' 

d 

7 

c 
0 

7 

i 
1 

7 

'3 

2 

2 

g 

10 

10 

7 

5 

Uriivursily  of  Kentucky.  

86 

8 

2 

3 

D 

U 

U 

1 

o 

d 

0 

u 

7 

5 

7 

4 

7 

6 

4 

University  of  Iowa   

78 

d. 

U 

n 
U 

n 
U 

U 

kj 

kj 

0 
c 

f; 

4 

4 

5 

3 

4 

1 

8 

8 

6 

8 

12 

1  JlllVf^rCIltV   of  Vllfllf^lrl 

78 

0 

0 

1 

3 

0 

3 

7 

8 

6 

1 

3 

8 

4 

2 

1 

4 

3 

4 

8 

12 

University  of  Pittsburgh  

75 

0 

0 

0 

0 

0 

0 

0 

0 

2 

6 

3 

2 

5 

8 

3 

8 

10 

6 

11 

11 

72 

24 

5 

2 

0 

1 

4 

4 

7 

2 

2 

1 

0 

3 

2 

4 

0 

3 

1 

6 

1 

72 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

3 

4 

7 

6 

15 

19 

16 

72 

0 

0 

0 

2 

3 

5 

0 

6 

4 

1 

2 

9 

5 

4 

0 

3 

8 

9 

5 

6 

University  of  Pennsylvania  

71 

4 

1 

2 

2 

1 

2 

5 

5 

3 

1 

1 

1 

2 

4 

5 

1 

2 

1 

9 

19 

(continued) 
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Appendix  table  5-29. 

Patents  awarded  to  the  100  academic  institutions  with  the  greatest  R&D  volume:  1969-90 

(page  2  of  3) 


Total 

1969-90  1  969-71    1972  1  973  1  974   1975  1  976  1  977  1  978   1  979  1  980  1  981    1982  1  983  1  984  1  985  1  986  1  987   1  988  1  989  1  990 

New  York  University   70  4  23020000317345354      10  14 

University  of  Tennessee   68  8  1010000001  10158881214 

Duke  University   62  2  1        1        1        1       0       0       0       0       2       1        3       3       6       4       6       4       9      11  7 

Boston  University   60  0  0000021       0321  223699911 

Kansas  State  University   58  2  4       3       3       5       3       2       1        3       3       2       2       4       3       2       4       4       3       4  1 

Michigan  State  University   56  0  21004021211333      10  6827 

Texas  A&M  University   55  0  0000000103323836989 

Rockefeller  University   55  0  000001010       3  3135491168 

Baylor  University   52  0  0       0       0       1       3       4       1        1        1       3       3       2       2       3       2       7       3       8  8 

Yale  University   52  0  000001       000002253      12       611  10 

Oregon  State  University   50  0  0       0       0       0       3       1        1        2       0       4       1        3       4       4       4       6       311  3 

North  Carolina  Siate  University   50  0  00000001041023465      10  14 

Washington  University   49  2  00121        1003101  13176127 

University  of  Alabama   48  1  0100144232311535336 

University  of  Miami   48  0  00031010222044315551 

Wayne  State  University    47  0  00000000002101567169 

University  of  Washington   40  0  0102212200723121536 

Oklahoma  State  University   40  10  3312220110101220234 

Case  Western  Resen/e  University   38  6  2230430111001163112 

City  University  of  New  York   37  3  1211021015432121322 

University  of  Georgia   37  0  0       0       0       0       0       1       0       0       0       0       0       7       7       5       6       3       0       3  5 

UnivofSity  of  Arizona   35  0  000000212112222208  10 

University  of  Cincinnati   35  0  0       0       1       0       1       0       0       0       0       0       0       0       2       2       1       8       3       8  9 

University  of  Nebraska    35  0  1       0       2       5       0       1        1       0       1       5       4       0       5       1        1        1        4       0  3 

Louisiana  State  University   34  1  0100032012011113494 

Yeshiva  University   34  2  1        1       0       3       2       0       0       1       2       0       3       0       1        4       1       6       1       5  1 

VanderbiH  University    31  0  0       0       0        1        1        0       2       0       1        1        2        1        0       0       5       4       4       4  5 

Clumson  University   31  0  2000010410002213366 

Goorgotown  University   31  1  2       0       0       0       0       2       0       0       0       2        1        4       5       1        0       4       3        1  5 

Carnegie-Mellon  University   31  1  0       0       1        1        2       14       1       00003331  253 


(continued) 


Appendix  table  5-29. 

Patents  awarded  to  the  100  academic  institutions  with  the  greatest  R&D  volume:  1969-90 

(page  3  of  3) 


Total 


1969-90  1969-71  1972  1973  1974  1975  1976  1977  1978  1979  1980  1981   1982  1983  1984  1985  1986  1987.1988  1989  1990 


University  of  Chicago   29  0  0  0  0  2 

Washington  Stale  University   28  1  0  10  0 

University  of  New  Mexico   27  0  0  0  0  0 

University  of  Medicine  and  Dentistry  of  NJ  .  27  0  0  0  0  0 

University  of  North  Carolina   26  1  1  0  0  1 

University  of  Oklahoma   25  1  0  0  1  0 

University  of  Kansas   24  3  1  2  0  2 

University  of  Hawaii   22  0  0  0  0  1 

Pnnceton  University   21  0  0  0  0  0 

University  of  Connecticut   20  1  1  0  0  0 

Rutgers.  The  State  University   19  0  0  0  0  1 

Utah  State  University   19  0  10  10 

Colorado  State  University    18  1  3  0  0  1 

University  o!  Cclorado   18  1  0  0  0  2 

Tuiane  University  of  Louifiiana   16  0  0  0  0  0 

Virginia  Polytechnic  institute   16  0  1  0  0  0 

University  of  Maryland   15  1  0  0  0  1 

Tufts  Univ(irsity   14  2  0  0  0  0 

Brown  University  :   .  12  0  0       0  0  0 

tirnory  University   12  0  0       0  0  0 

UfiivfMsity  of  Massachusetts   11  0  0       0  0  0 

Auburn  Un«verstty   10  1  0       0  0  0 

Florida  State  Universty   9  0  0       0  0  0 

Pennsylvania  Slate  University   8  0  0       0  0  1 

New  Mexico  State  University   6  0  0       0  0  1 

Woods  Hole  Ocoanographic  Institute  .   ..  6         1  110  1 

Mississippi  Stale  University   4  0  12  10 

Arvona  State  Univi^rsity   4  0  0       0  0  0 

Virginia  Gommonvsealth  University  2  0  0       0  0  0 

NC^  f  S  H-isofi  1  ^  n&D  expcndituros:  not  all  100  institutions  could  be  located  in  the  TAF  data  base. 
i'u;i'.nJf^'>  mo  AppliO'.l  Physics  l  aboratory 

SOUMCt   TAF  Moport.  U  S  Univcrsitses.  U  S.  Patent  and  Trademark  Olfice.  July  1991. 
y>v.v  liquro  f)  1  h 
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Appendix  table  6-1 , 

Real  gross  domestic  product  per  capita,  for  selected  countries:  1950, 1955, 
and  1960-90 


\jal\a\Ja 

1  Id)  J 

.lanan 

Kor63 

O  W  C  VJd  1 

UnitPd 
Kinodom 

West 
Gprman 

1950  .  . 

.  69.5 

44.4 

32.0 

16.7 

NA 

59.5 

61.1 

35.8 

1955  .  . 

.  68.7 

46.8 

36.3 

21.1 

9.8 

59.5 

61.6 

47.2 

1960  .  . 

.  72.1 

54.5 

45.3 

29.8 

9.7 

67.1 

66.7 

61.5 

1961  .  . 

.  72.2 

56.4 

48.3 

33.6 

9.9 

69.9 

67.7 

62.9 

1962  . 

73.2 

57.0 

49.2 

34.3 

9.5 

69.9 

65.4 

62.7 

1963  . 

.  73.7 

57.5 

50.3 

36.6 

9.8 

71.4 

66.0 

62.3 

1964  . 

.  74.3 

58.4 

49.4 

39.5 

10.1 

72.9 

66.4 

63.3 

1965  . 

.  74.4 

58.0 

48.4 

39.3 

10.0 

71.7 

64.6 

63.1 

1966  . 

.  74.5 

57.8 

48.7 

41.2 

10.4 

69.3 

62.6 

61.4 

1967  . 

.  74.0 

59.0 

51.0 

44.4 

10.6 

69.9 

62.9 

60.1 

1968  . 

.  74.5 

59.3 

52.4 

48.0 

11.2 

69.9 

63.3 

61.3 

1969  . 

.  76.2 

62.0 

54.4 

52.4 

12.3 

71.8 

62.9 

64.3 

1970  . 

.  78.2 

65.9 

57.8 

57.6 

13.2 

76.8 

65.2 

67.9 

1971  . 

.  80.5 

67.5 

57.5 

58.6 

14.1 

76.0 

65.7 

68.2 

1972 

81.2 

67.3 

56.5 

60.3 

14.0 

74.6 

64.7 

68.1 

1973  . 

.  .  83.2 

G7.7 

57.8 

61.1 

15.2 

74.5 

67.0 

68.4 

1974  . 

.  .  87.0 

70.5 

61.6 

60.8 

16.5 

77.9 

67.4 

69.6 

1975  . 

.  .  89.8 

71.4 

60.8 

63.1 

17.8 

81.2 

68.4 

70.3 

1976  . 

.  .  90.6 

71.4 

62.1 

62.6 

19.1 

78.8 

68.3 

71.7 

1977  . 

.  .  89.6 

70.9 

62.0 

62.7 

20.1 

74.6 

66.7 

71.4 

1978  . 

.  .  89.1 

70.1 

61.3 

62.6 

21.1 

72.7 

66.4 

70.7 

1979  . 

.  .  90.8 

71.4 

64.2 

64.9 

22.1. 

74.7 

67.2 

72.9 

1980  . 

.  .  92.2 

73.2 

67.7 

67.6 

21.4 

76.8 

66.7 

74.4 

1981  . 

.  .  93.6 

72.9 

67.3 

68.9 

22.4 

76.0 

65.4 

73.7 

1982 

92.9 

77.1 

69.7 

73.2 

24.2 

79.6 

68.7 

75.7 

1983  . 

.  .  92.5 

75.2 

68.3 

72.6 

25.7 

78.8 

69.4 

75.1 

1984  . 

.  .  92.1 

71.6 

66.0 

71.0 

26.2 

77.3 

66.4 

73.1 

1985  . 

.  .  93.3 

70.8 

65.8 

72.2 

27  0 

76.8 

66.9 

72.8 

1986  . 

.  .  93.9 

70.9 

66.3 

72.2 

29.5 

76.9 

68.1 

72.9 

1987  . 

.  .  94.2 

70.3 

66.6 

72.9 

32.0 

76.8 

69.2 

72.1 

1988  . 

.  .  94.0 

70.5 

66.9 

74.6 

34.1 

75.6 

69.4 

71.8 

1989  . 

.  .  94.2 

71.9 

67.8 

76.6 

35.4 

75.6 

69.4 

72.3 

1990  . 

.  .  93.9 

73.7 

69.0 

80.7 

38.1 

75.3 

69.8 

74.5 

NA  =  not  available 

NOTES;  Output  based  on  Organisation  tor  Economic  Cooperation  and  Development  price  weights  to 
enable  cross-country  comparisons.  Index:  United  States  =  100.0. 

SOURCE:  Bureau  of  Labor  Statistics,  unpublished  tabulations. 

See  figure  6-1 .  Science  &  Engineering  Indicators  -1991 
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Appendix  table  6-2. 

Global  production  of  manufactured  products,  by  selected  countries:  1980-90 

■  ■  1988  1989  1990 

1980  1981  1982  1983            1984  ^985  1986  1987  (est^)  (est.]  jesX.) 

  Millions  of  constant  1980  dollars 

^°Unrd"statGs"'*^            1  430  747  1  435  326  1,344.149  1,399,916  1,542.762        1,547,177         1,561.688  1,685,110  1,769,769  1,809.062  1,815.580 

Jain                            796  676  814486  843,104  895,261  957,703       1,043,767         1,018,609  1.065,679  1,105,732  1,224,983  1,279.649 

WestGermany::::::.      516797  515,167  520,975  537,401  581.057          636,783           637,013  629,509  651,060.  684,896  714.699 

rnnce                           322  494  313  581  323,348  328.541  342,960         377,864           377.704  379,183  397.797  417,814  424,220 

UnitedKingdom 31i:322  284,324  289,596  303,221  331,034         351,554           349,332  371,496  406.626  425,265  430,881 

Italy                              20M52  202,271  198,030  209,718  227,159          230,267           239,853  247.278  252,985  259,487  263.150 

EC  12                          1  611  308  1  571  914  1,595,714  1.688,731  1,807.951        1,941.680         1,943,146  1,973,268  2,065,127  2,209,208  2,246,410 

E,  ,,ODP 1  842  598  1  805^57  1,833,324  1,934,293  2,067,593  2,219,306  2,232,253  2,261,077  2,354,217  2,501,518  2,531,327 
ObCo'                         4!265!oi3  4!257;i10  4,209,318  4,432.237  4,786,448        5.054,011         5,063,814  5,264,009  5.487.951.  5.808,597  5.922.903 

"*tn!te'j\TatL"'^^^^            286  239  296  433  301,567  320,752  378,567          395,288           421,981  469.626  507,279  534,818  552,231 

130  154  147  610  158:i32  183,491  232.905          257,099           268.419  313,916  363,772  422,216  449,442 

w;,G™y:::      83:262  88.174  91,754  100,589  113,293    130,157    132,259  131.740  i38,656  140,793  145,143 

,.-„,,„..                              43  971  45  723  47,452  49,060  52.945            59,272             59,915  61,061  64,448  69,693  71,607 

United  K.ngdom          .        57:388  60,779  63,409  68,332  79,017           89,242            92,206  102,634  112,624  125,326  130.753 

Haiy...                             27,798  27,796  26,231  28,017  31.589            31,461             36,170  38,771  43,067  43,116  42,776 

E:C12                             249036  261  304  268,113  294,528  333,749          373,748           385,980  401.511  431,516  445,066  449,214 

F,  ,,onp 272  458  285,925  294,932  322,743  364,216          408,749           424,339  440.300  471,545  481,179  483,12:3 

oegd':.  ::::  :::::  708:i62  750,462  775,515  849,263  999.522  i,088.66i    1,145.111  1,252,843  1,371,023  1,484,959  1,537,395 

^"s'llT"             1,144.508  1,138,893  1,042,582  1,079,164  1,164,194        1,151,889         1,139,707  1.215.484  1,262,490  1.274,245  1,263.349 

666  521  666,876  684,972  711,770  724,798          786,669           750,190  751,762  741.960  802,767  830,208 

wL  Germany:  ::::.:      433:535  426,993  429.222  436,811  467,764          506,626           504,754  497,769  512,404  544,103  569,556 

Ztce                            278  524  267  858  275,896  279.481  290,015          318,592           317,789  318.122  333,349  348,121  352,612 

cKingdom:    ::::      253:934  223:545  226,187  234,889  252,017          262,312           257,127  268,862  294,001  299.938  300,128 

„.,ly                                173,654  174,475  171,799  181,701  195,570          198,807           2Ci.G83  208,507  209,918  216,370  220.374 

ICVP                           1  362  272  1  310,610  1,327.601  1,394.203  1,474.201        1.567  932         1,557,166  1,571,757  1,633,611  1764,142  1.797.196 

570  140  520032  1,538.392  1,611,549  1,703.376        1,810,557         1,807,913  1  820.777  1.882,672  2,020,338  2,048,203 

:    :      3.fs6:850  3.506,648  3.433,803  3,582,974  3,786,926        3,965,350         3.918.703  4.011,166  4.116,928  4,323,637  4,385,509 

r-joir  F  urupp  inrlvjtlps  !hP  1^  Countries  of  the  European  Community  (EC-12)  plus  Austria.  Finland.  Norway.  Sweden,  and  Switi^erland. 

S( )vmn-  SncH  u.l  I  >uldt.ons  developed  by  Data  Rosourcos.  Inc  /McGraw-Hill  from  the  Organisation  for  Economic  Cooperation  and  Developments  (OECD's)  Industnal  Structure  Statistics  and  Senes  C  Trade  Data. 
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Appendix  table  6-3. 

Country  share  of  global  market  for  high-tech  manufactures,  by  industry:  1980-90 

(page  1  of  3) 


4TI 


ERIC 


1980  1981  1982  1983 

HIGH-TECH  MANUFACTURES 

United  States   40.4  39.5  38.9  37.8 

Japan   18.4  197  20.4  21.6 

West  Germany   11.8  11.7  11.8  11.8 

France   6.2  6.1  6.1  5.8 

United  Kingdom   8.1  8.1  8.2  8.0 

Italy   3.9  3.7  3.4  3.3 

EC-12   35.2  34.8  34.6  34.7 

Europe   38.5  38.1  38.0  38.0 

Industrial  chemicals 

United  States   32.7  33.1  29.8  29.2 

Japan   16.1  14.4  15.3  14.0 

West  Germany   16.2  16.9  17.9  19.1 

France   5.0  5.2  5.8  5.5 

United  Kingdom   8.8  8.4  9.0  9.4 

Italy   5.1  5.2  4.4  4.4 

EC-12    43.0  44.3  45.8  48.1 

Europe   47.9  49.1  51.2  53.3 

Drugs  and  medicines 

United  States   29.6  29.6  30.3  30.3 

Japan   21.2  21.7  22.1  22.0 

West  Germany   13.1  13.1  12.5  12.5 

Franco    5.6  5.3  4.7  4.4 

United  Kingdom   9.3  8.8  9.1  8.8 

Italy   5.5  5.4  5.6  5.4 

EC-12    40.7  40.3  39.1  38.9 

Europe   46.0  45.6  44.6  44.6 

Engines  and  turbines 

United  States   44.2  37.9  35.0  33.0 

Japan    18.4  16.1  17.9  18.8 

West  Germany   11.3  9.9  9.0  9.4 

Frafico   6.8  6.1  5.6  5.7 

Unilod  Kingdom   6.8  18.3  20.5  18.3 

Italy   4.2  3.7  3.1  4.9 

EC-12   32.7  408  41.3  41.3 

Europe    37  2  45.9  47.0  48.1 


1984  1985  1986  1987 


1988 
(est.) 


1989 
(est.) 


1990 
(est.) 


Percent 


37.9 

36.3 

36.9 

37.5 

37.0 

36.0 

35.9 

23.3 

23.6 

23.4 

25.1 

26.5 

28.4 

29.2 

11.3 

12.0 

11.5 

10.5 

10.1 

9.5 

9.4 

5.3 

5.4 

5.2 

4.9 

4.7 

4.7* 

4.7 

7  Q 

Xj.c. 

O.  1 

3.2 

2.9 

3.2 

3.1 

3.1 

2.9 

2.8 

33.4 

34.3 

33.7 

32.0 

31.5 

30.0 

29.2 

36.4 

37.5 

37.1 

35.1 

34.4 

32.4 

31.4 

28.0 

25.8 

28.5 

31.4 

31.2 

32.2 

32.5 

141 

13.4 

12.1 

13.1 

12.7 

13.4 

14.1 

19.5 

20.4 

20.4 

18.5 

18.7 

18.8 

18.4 

5.1 

5.3 

5.3 

4.9 

5.0 

5.1 

4.8 

Q  7 

10  1 

9.2 

9.3 

9.1 

4.9 

4,P 

4.3 

4.3 

4.3 

4.3 

4.0 

49.6 

52.0 

49.9 

46.5 

47.2 

45.9 

44.3 

54.8 

57.6 

56.0 

52.2 

52,8 

51.3 

50,4 

30.4 

30.0 

30.4 

31.4 

31.4 

30.8 

29.2 

21.2 

20.7 

20.4 

19.9 

20.1 

20.1 

20.3 

12.7 

12.3 

12.1 

11.4 

11.5 

11.4 

10.9 

4.3 

4.0 

3.8 

3.6 

3.8 

4.0 

3.9 

Q  1 

Q  n 

q  ^ 

10.0 

9.9 

6.1 

6.5 

5.8 

6.7 

6.2 

6.3 

6.2 

39.8 

39.8 

38.6 

38.1 

39  0 

39.5 

39.0 

45.4 

45.9 

45.7 

45.0 

45.7 

46,3 

47.5 

35.4 

34.8 

35.4 

35.4 

35.8 

35.2 

34.9 

18.0 

17.0 

14.9 

15.7 

15.5 

15.8 

15.3 

10.3 

11.2 

10.9 

11.2 

107 

10.8 

11.6 

5.9 

5.3 

4.9 

5.1 

4.9 

4.7 

4.9 

17.1 

19.7 

21.9 

20.9 

21.4 

22.6 

22.3 

5.5 

3.4 

3.2 

3.1 

3.0 

2  9 

3.0 

41.6 

42.7 

44.3 

43.6 

43.3 

43.8 

44.3 

46.5 

48.1 

49.6 

48.8 

48.5 

48.9 

49.6 

(continued) 


Appendix  table  6-3. 

Country  share  of  global  market  for  high-tech  manufactures,  by  Industry:  1980-90 

(page  2  of  3) 


1980 

1981 

1982 

1983 

1984 

Office  and  computing  machinery 

DU.U 

4*%  9 

22.0 

23.0 

24.0 

27.2 

27.5 

6.5 

1 A 

7.0 

7.0 

(A 

3.9 

4.6 

4.4 

4.2 

4,3 

6.0 

4.7 

4.9 

5.3 

5.8 

1*  aI>  • 

O  i 

1  Q 

1  ft 

1  fl 

1  7 

O-i  Q 

d  \  .y 

91  9 

99  ft 

23.9 

24,0 

23.1 

<i4.4 

Radio,  TV,  &  communication  equipment 

United  Stales  

36.6 

34.8 

35,0 

34.0 

33.8 

26.4 

30,0 

OA  ~7 

o0.7 

oo  o 

32.2 

OD.D 

12.0 

11.4 

11.4 

11.1 

9.8 

5.4 

5.1 

5.2 

4.7 

4.2 

United  Kingdom  

7. 1 

b.b 

ft  c 
D.D 

ft  ft 

ft  <; 

2.2 

1  .y 

1  .y 

1  ft 

1  ,D 

^y.y 

90  ft 

9fi  7 

35.1 

32.7 

32.5 

oi  .y 

^y.u 

Aircraft 

57.6 

56.4 

56.6 

55.8 

58.7 

2.2 

2.4 

n  o 

2.3 

2.4 

o.o 

ft  n 

ft  n 

13.9 

13.9 

14.2 

15.1 

13.7 

12.0 

12.5 

11.7 

12.5 

11.7 

3.9 

3.5 

3,6 

3.1 

2.9 

EC- 12  

36.0 

36,9 

37.2 

37.8 

347 

37.1 

38.1 

38,5 

39.1 

36.2 

.17S 


ERIC 


1985 
Percent  ■ 

39.6 
30.2 

8.3 

3,9 

6.9 

1.3 


1986 


37.8 
30.8 
8.0 
3.6 
6.5 
3.2 


1987 


38.1 
31.8 
7,1 
3.2 
7.4 
2.9 


1988 
(est,) 


37.3 
33.3 
6.6 
2,9 
8.1 
3.1 


1989 
(est.) 


35.6 
34.6 
5.5 
2,7 
8.1 
2.4 


1990 
(est.) 


34,8 
37,5 
5.4 
2.6 
8.1 
2,3 


Do 

1 


I 

I 

I 

I 


25.2 
27.2 


26.5 
28.6 


26.0 
27.9 


25.6 
27.4 


23,3 
24.5 


21,3 
21.8 


32.9 
34.0 
11.3 
5.1 
6.4 
1.4 


32,8 
33,0 
11.6 
5,1 
6,4 
1.6 


32.3 
36.5 
10.3 
4.5 
6.2 
1.6 


31.5 
39.3 
9.6 
4.1 
6.0 
1,5 


29.9 
42.9 
9.5 
4,1 
5.9 
1.5 


30.6 
42.0 
10.0 
4.4 
6.2 
1.5 


29.0 
31.4 


29.7 
32.3 


26.8 
29.2 


-^5.4 
27.7 


24.1 
25,6 


25.2 
25.9 


57.9 
2,9 
5.0 
13.0 
11.8 
3.4 


59.5 
2.5 
4.4 
11.9 
12.7 
2,8 


58,7 
2.8 
4.6 
12.0 
13.1 
3,0 


59,2 
3,2 
4,7 
12.1) 
11.2 
3.0 


56.4 
3.6 
4.6 
13.9 
13.2 
3.0 


55.9 
3.6 
4.8 
13.7 
13.5 
3.0 


34,8 
36,5 


33.3 
35.0 


34.3 
35.9 


33.6 
35.1 


36.1 
37.6 


36.1 
37.7 

(continued) 
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Appendix  table  6-3. 

Country  share  of  global  market  for  high-tech  manufactures,  by  industry:  1980-90 

(page  3  of  3) 


1988  1989  1990 

1980  1981  1982  1983  1984  1985  1986  ^987  (est)  (est.)  (est.) 

Percent 

Scientific  instruments 


United  States   49.1  49.0  50,5  50.0  60.4  48.4  48.4  50.8  51.5  52.7  53.4 

Japan   17.6  19.2  18.1  19.0  19.0  19.7  18.9  18.1  16.2  16.1  15.4 

WestGermany   11.4  10.8  10.2  9.8  9.8  10.8  11.1  11.1  11.4  10.8  11.1 

France   4.4  4.1  4.2  4.4  4.4  5.4               5.5  5.6  5.8  5.9  6.1 

United  Kingdom   5.4  4.7  5.3  4.9  4.8  5.1               5.3  5.6  5.9  5.8  5.9 

Italy   5.5  5.5  5,2  5,1  4.9  4.1                4.1  4.4  4.8  4,5  4.1 

EC-12   28.9  27.4  27.1  26.9  26.6  27,5  28.2  28.4  29,7  28.6  28.6 

Europe   30.8  29.3  29.0  28.8  287  29^  306  304  31.6  30.5  30.5 


NOTES  Total  shipments  by  OECD  countries  are  used  as  a  proxy  for  global  output.  Shares  represent  each  country's  shipments  as  a  percentage  of  OECD  shipments.  Europe  includes  the  1?  countries  of  the  European 
CorTimunily  (EC  1^^)  plus  Austria  Finland.  Norway.  Sweden,  and  Switzerland. 

SOUHGE-  Special  tabulations  developed  by  Data  Resources,  Inc./McGraw-Hill  from  the  Organisation  for  Economic  Coc  >oration  and  Development's  (OECD's)  Industrial  Structure  Statistics  and  Series  C  Trade  Data. 

Soo  figi'res  6-;^  and  G-3  and  figure  0-22  in  Overview.  Sc/^^ce  &  Engmeering  Indicators  -  199 1 


Appendix  table  6-4. 

High-tech  manufactures'  share  of  total  manufacturing  output,  by  country:  1980-90 


ERIC 


1988 

1989 

1990 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

(est.) 

(est.) 

(est.) 

Percent 

Urntod  States  

  20.0 

20.7 

22.4 

22.9 

24.5 

25.5 

27.0 

27.9 

28.7 

29.6 

30.4 

18.1 

18.8 

20.5 

24.3 

24.6 

26.4 

29.5 

32.9 

34.5 

35.1 

  16.1 

17.1 

17.6 

18.7 

19.5 

20.4 

20.8 

20.9 

21.3 

20.6 

20.3 

  13.6 

14.6 

14.7 

14.9 

15.4 

15.7 

15.9 

16.1 

16.2 

16.7 

16.9 

United  Kingdom  

  18.4 

21.4 

21.9 

22.5 

23.9 

25.4 

26.4 

27.6 

27.7 

29.5 

30.3 

Italy  

  13.8 

13.7 

13.2 

13.4 

13.9 

13.7 

15.1 

15.7 

17.0 

16.6 

16.3 

16.6 

16.8 

17.4 

18.5 

19.2 

19.9 

20.3 

20.9 

20.1 

20.0 

OECD  

16.6 

17.6 

18.4 

19.2 

20.9 

21.5 

22.6 

23.8 

25.0 

25.6 

26.0 

rjOTF-  countries  of  the  European  Conimunily 

SOURCi:  Special  tabulations  developed  by  Oata  Resources.  Inc  /l^cGraw-Hill  from  Organisation  for  Economic  Cooperation  and  Development  s  (OECD's)  Industrial  Structure  Statistics  and  Senos  C  T.adc  Diila 

Science  &  Engine'ering  Indicators 
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Appendix  table  6-5. 

Import  share  of  domestic  market,  by  industry:  1980-90 

1988  1989  1990 

1980  1981  1982  1983  1984  1985  1986  1987  (est.)  (est.)  (eslL)_ 

Percent 

HIGH-TECH  MANUFACTURES 

United  States                                  8.0  8.2  8.0  8.9  10.4  10.8  12.1  13.2  15.1  13.5  13.8 

Japan                                              6.6  6.3  6,3  6.9  6.5  6.5  8.4  8.3  8.8  8.6  9.2 

West  Germany                                 25  1  26.7  28  1  27.9  28.4  28.8  31  2  33.9  35.2  37.6  41.2 

France                                          33.2  33  3  34.1  36.6  38.7  40.3  45.1  50.6  53.9  53.5  55.2 

United  Kingdom                                29.1  25.1  27.5  29.4  32.2  33.6  38.8  37.0  39.2  38.5  42.1 

Italy                                                29.3  30.8  34.7  36.9  37.1  44.0  44.5  46.3  47.5  40.5  43.6 

Industrial  chemicals 

Unitod  States                                    8  0  7.6  8.6  9.4  11.2  12.3  11  7  9.8  9.9  10.8  10.6 

Japan                                             8.6  9.8  11.4  14.3  16.4  17.6  25.7  25.0  26.4  24.5  22.1 

Drugs  and  medicines 

Unitod  States                                    4.8  4.9  4.2  4.9  5.8  6.2  6.9  7.2  8.2  4.9  5.3 

Japan                                             7.8  7.8  8.1  8.3  8.8  9.2  12.9  13.9  14.7  13.6  12.0 

Office  and  computing  machinery 

UnitficI  States                                    3.8  4.4  5.2  8.0  9.8  10.4  13.6  16.8  20.3  15.5  16.4 

Japan                                             1.9  2.0  2.0  1  6  1  8  2.0  2.3  3.0  3.9  5.3  6.2 

Radio.  TV,  &  communication  equipment 

Unitfd  States                                    5.0  5.0  5.2  5.7  7.1  5.3  5.5  6.5  8.2  9  1  8.8 

Japan                                             1.4  1.3  1.2  1.4  1.6  1.3  1  9  1.9  2.3  2.4  2  7 

Aircraft 

Unitrd  States                                    5  6  u6  5.6  4.6  5.3  6.1  6.7  6.4  6.7  7.1  7.7 

Japan                                           34.4  39.7  30.8  47.1  34.2  40.8  49.9  43.7  41.4  32.1  42.2 

Scientific  instruments 

Unitod  States                                   13.1  13.6  12.0  13.0  14.9  15.9  18.4  18.6  19.0  18  7  17.5 

Japan                                              19.9  18.1  19.8  23j  27_0  27_0  36.9  44  0  62.4  69.0  73.8 

SOUHc;f  S(if'i,i.ii  tahiilciiians  developed  by  Data  Resoiitces.  Inc  /McGraw-Hill  from  Organisation  for  ticonomu  Cooperalion  and  Development  s  Industrial  Structure  Statistics  and  Setios  C  Trade  Data. 

I„|urfs  6-4  and  G-0  ^'"t'"'^''  *  Enginecnng  Indicators  -  1991 
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Appendix  table  6-6. 

U.S.  share  of  foreign  markets  for  high-tech  manufactures:  1980-90 


1988 

1989 

1990 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

(est.) 

(est.) 

(est.) 

Percent 

10.0 

9.6 

8.7 

8.1 

7.8 

7.6 

8.1 

8.9 

9.9 

9.2 

9.7 

5.9 

5.7 

5.2 

47 

4.9 

4.5 

5.2 

5.6 

5.8 

6.7 

6.2 

4.6 

4.6 

4.3 

4.3 

4.3 

4.1 

4.4 

4.2 

4.6 

3.6 

3.5 

Fnoinss  and  turhinp^ 

39  6 

32.3 

31.8 

30.9 

31.0 

33.7 

37.4 

40.0 

44.1 

39.7 

41.0 

Office  and  computing  machinery  . .  . 

10.8 

10.8 

10.1 

9.7 

9.7 

8.9 

9.0 

10.6 

12.3 

9.4 

9.5 

Radio.  TV,  &  comm.  equipment  .  .  .  . 

1.7 

1.4 

2.6 

2.6 

2.6 

2.0 

2.3 

2.5 

2.9 

3.0 

3.4 

26.3 

27.2 

22.0 

22.4 

20.4 

23.1 

23.6 

24.6 

25.7 

25.0 

28.9 

18.5 

18.6 

17.7 

16.7 

16.7 

15.1 

16.0 

17.8 

19.8 

22.4 

23.1 

4.8 

4.9 

4.2 

3.7 

3.7 

3.3 

3.3 

3.7 

4.6 

4.7 

5.1 

NOTES;  Foreign  market  size  is  calculated  by  subtractir>g  U.S.  apparent  consumption  of  high-tech  products  from  total  Organisation  for  Economic  Cooperation  and  Development  shipments  of  same.  The  concept  of  foreign 
market  share  differs  from  export  market  share  by  adding  the  home  n.arket  shipments  of  non-U. S.  producers  to  the  denominator.  Foreign  market  share  provides  a  measure  of  U.S.  competitiveness  against  foreign  producers  in 
their  home  markets  and  export  markets. 
SOURCE:  Data  Resources.  Inc./McGraw-Hill,  special  tabulations. 

See  figure  6-6.  Science  &  Engineering  Indicators  -1991 
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Appendix  table  6-7. 

Export  market  shares,  by  industry  and  country:  1980-88 
(page  1  of  2) 


1 980  1 981  1 982  1 983  1 984  1 985  1 986  1 987  1 988 
  -     Percent 


ALL  MANUFACTURING  INDUSTRIES 


United  States  

16.2 

15.7 

13.6 

12.2 

11.6 

10.6 

10.2 

11.2 

13.1 

Japan  

  10.8 

11.7 

11.4 

12.1 

13.1 

12.9 

12.7 

12.4 

12.5 

West  Germany  

.  .   .  .  17.3 

17.8 

18.5 

17.9 

17.9 

18.4 

17.8 

17.2 

16.8 

France  

10  2 

10.2 

10.1 

10.2 

10.0 

9.8 

9.3 

9.3 

9.4 

United  Kingdom  

  8.7 

7.5 

7.9 

7.7 

7.8 

8.1 

9.0 

92 

8.8 

Italy  

  7.0 

7.3 

7.6 

7.6 

7.4 

77 

7.6 

7.5 

7.6 

EC-12  

  59.0 

58.4 

60.3 

60.4 

59.8 

60.8 

61.3 

60.8 

60.1 

High-tech  manufactures 


United  Stales   26.9 

Japan   9.7 

West  Germany   16.1 

France   9.3 

United  Kingdom   12.6 

Italy   3.6 

EC-12   52.3 


25.9 

23.3 

22.0 

20.9 

10.1 

9.9 

11  0 

12.1 

17.0 

18.1 

17.3 

17.5 

9.6 

9.9 

9.8 

10.2 

10.9 

11.7 

11.4 

12.0 

4.3 

4.6 

5.0 

4.6 

52.4 

55.6 

55.5 

56.1 

20.1 

20.1 

21.8 

23.4 

11.6 

12.5 

13.7 

15-2 

17.1 

15.5 

14.4 

13.5 

10.3 

9.3 

9.6 

9.2 

13.3 

14.6 

13.5 

12.0 

4.7 

4.4 

4.4 

4.2 

57.3 

56.4 

54.0 

52.2 

Industrial  chemicals 


  18.0 

16.9 

15.4 

13.1 

13.1 

11.8 

12.0 

13.1 

13.4 

Japan   

  6.7 

6.0 

6.2 

6.0 

5.7 

5.9 

6.3 

7.2 

6.8 

West  Germany  

19.1 

20.1 

20.9 

20.6 

21.4 

21.1 

19.3 

18.7 

17.5 

France  

11.9 

12.0 

9.8 

12.0 

12.3 

13.4 

13.0 

13.3 

12.3 

United  Kingdom  

10.2 

9.6 

10.6 

10.3 

10.6 

11.3 

13.0 

13.0 

12.0 

Italy  

  3.6 

4.5 

5.6 

6.5 

5.6 

5.6 

4.2 

4.6 

5.0 

EC-12  

  63.4 

64.7 

66.1 

69.0 

6&.5 

70.1 

69.2 

67.1 

68.3 

Drugs  and  medicines 
United  States  . . . 

Japan   

West  Germany . . 

France  

United  Kingdom  . 
Italy  

EC-12  


15.6 

14.9 

12.9 

14.0 

13.4 

12.3 

12.6 

12.2 

13.5 

2.3 

2.3 

2.0 

2.3 

2.3 

2.3 

2.3 

2.3 

2.4 

17.5 

18.0 

162 

17.4 

18.1 

18.3 

17.4 

17.2 

17.0 

11.6 

11.5 

19.8 

11.8 

11.6 

11.6 

11.0 

10.9 

10.8 

13.4 

12.9 

12.6 

13.2 

13.4 

13.7 

14.9 

14.5 

13.8 

5.3 

5.6 

5.1 

5.6 

5.9 

6.2 

5.6 

5.3 

5.5 

63.4 

63.2 

68.0 

64.3 

65.8 

66.5 

66.1 

66.3 

65.8 

Engines  and  turbines 


United  States  

26.7 

25.2 

23.3 

,     .  .  10.9 

12.2 

11.3 

West  Germany  

16.6 

15.8 

17.3 

Franco  

8.5 

8.6 

8.4 

United  Kingdom  

16.3 

15.9 

16.0 

Italy  

,  ,  ,    .  4.6 

4.9 

4.9 

EC-12  

51.7 

51.3 

53.4 

21.0 

19.9 

19.0 

17.6 

18.2 

20.1 

12.3 

14.2 

13.5 

13.9 

14.2 

13.7 

17.6 

17.7 

17.9 

17.6 

17.3 

16.2 

8.7 

8.8 

9.3 

9.0 

9.3 

9.4 

13.4 

12.8 

13.5 

15.2 

14.0 

14.9 

5.8 

5.0 

4.2 

5.0 

5.0 

4.2 

52.1 

50.7 

52.5 

53.2 

51.9 

50.9 

(continued) 
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Export  market  shares,  by  industry  and  country:  1980-88 
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Appendix  A.  Appendix  Tables 


1980       1981  1982       1983        1984  1985         1986         1987  1988 


Office  and  computing  machinery 


United  States   42.3 

Japan    6.3 

West  Germany   12.1 

France   9.9 

United  Kingdom   12.9 

Italy   2.8 

EC-12   46.7 

Radio,  TV,  ar 

communination  equipment 

United  States   24.3 

Japan   26.8 

West  Germany  .    14.1 

France   8.7 

United  Kingdom   7.9 

Italy   3.8 

EC-12   44.1 

Aircraft 

United  States   53.0 

Japan    0.4 

Wesi  Germany   10.7 

France   6.7 

United  Kingdom   18.3 

Italy   1.8 

EC-12   42.0 

Scientific  instruments 

United  States   21.4 

Japan    17.7 

West  Germany   16.4 

France   7.6 

United  Kingdom   9  3 

Italy   3.3 

EC-12   45.6 

Other  manufactures 

United  States   14.1 

Japan    11.0 

West  Germany   17.5 

France   10.4 

United  Kingdom   7  9 

Italy   7.7 

EC  12   60.3 


Percent 


41.4 

38.1 

35  7 

33.6 

7.8 

9.2 

10.7 

10.8 

13.4 

13.4 

12.3 

1 1.3 

1 0.6 

8.2 

8.4 

9.2 

10.0 

11.8 

12.9 

15.6 

3.0 

3.6 

3.4 

3.2 

46.7 

48.8 

49.7 

52.1 

22  5 

33.5 

30.5 

25.6 

29  6 

25.8 

30.0 

33.4 

14  2 

11.5 

1 1 .2 

1 1 .2 

9.4 

7.2 

6.8 

6.6 

6.7 

7.3 

6.8 

7.7 

4.1 

3.7 

3.6 

3.4 

42.1 

36.7 

35.3 

35.8 

51 .0 

38.7 

41 .1 

34.6 

0.4 

0.6 

0.6 

0.5 

15.0 

21 .1 

17.3 

20.5 

8.7 

12.0 

11.7 

15.0 

10.5 

12.8 

14.7 

15.0 

4.5 

47 

4.7 

5.4 

43.3 

55.1 

53.0 

59.1 

20.6 

19.3 

17.0 

15  8 

18.5 

17.8 

19.3 

20.0 

16.9 

17.7 

17.1 

17.6 

74 

7.5 

7.7 

79 

8.8 

9.7 

9.8 

10.2 

o .  o 

o.o 

o.u 

45.6 

48.0 

48.4 

49.5 

13.6 

115 

10.0 

94 

12.0 

11.7 

12.3 

13.3 

17.9 

18  6 

18.0 

17.9 

10.3 

10.2 

10.2 

9.9 

6.8 

7.0 

6.9 

6.8 

8.0 

8.2 

8.2 

8.1 

59.6 

61.3 

61.5 

60.6 

28.8 

27.1 

28.5 

31.8 

1 1.2 

13.5 

15.8 

20.0 

11.5 

1 1 .1 

9.0 

7.6 

9.0 

7.9 

8.0 

7.2 

18.2 

17.5 

16.9 

12.0 

4.5 

4.6 

4.0 

4.0 

56.4 

55.7 

52.5 

45.7 

21.7 

23.1 

23.7 

23.6 

29.9 

31.0 

32.0 

34.4 

1 1.9 

10.3 

9.6 

10.8 

8.0 

7.5 

8.1 

7.7 

10.2 

10.1 

9.0 

8.8 

4.1 

3.8 

4.3 

3.2 

41.6 

39.4 

37.5 

36.4 

40.8 

43  3 

50.0 

44.8 

0.5 

0.5 

0.7 

0.7 

16.8 

1 1 .0 

1 1.8 

13.2 

11.9 

9.2 

11.0 

12.9 

15.1 

19.7 

9.7 

10.7 

5.0 

4.1 

4.0 

4.3 

51.7 

47.0 

40.3 

47.6 

13.9 

13.5 

13.8 

14.9 

19.9 

20.0 

19.8 

20.0 

18.6 

18.1 

17.7 

17.6 

8.0 

7.0 

7.3 

7.4 

10.7 

11.8 

11.7 

11.6 

d  n 

3.9 

51.2 

51.6 

51.4 

51.5 

83 

7.6 

83 

10.0 

13.2 

12.7 

12.1 

11.7 

18.8 

18.4 

18.0 

17.8 

97 

9.3 

9.2 

9.4 

6.8 

7.5 

8.0 

7,9 

8.4 

8.4 

8.3 

8.6 

61  7 

62.5 

62.7 

62.4 

NOTE:  EC-12    12  countries  of  the  European  Community 

SOURCE;  Special  tabulations  developed  by  Data  Resources.  Inc. /McGraw-Hill  from  Organisation  for  Economic  Cooperatioi;  and  Development  s  Industrial 
Structure  Statistics  and  Series  C  Trade  Data. 

See  figure  6*7.  Science  &  Engmeenng  Indicators  -  1991 
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1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1 988 

Millions  of  constant  1980 

UUIICII  o 

High-tech  manufactures 

United  States   

23,698 

23,643 

20.640 

17.512 

10.881 

12,210 

9,187 

10.392 

11.855 

Japan   

8,022 

9.267 

8,943 

10,378 

14,193 

15.127 

15.622 

20.114 

26.627 

West  German V  

7,941 

8,914 

10.663 

9,462 

12,670 

11,244 

6,002 

3,151 

1.807 

Franc© 

1,213 

2,690 

3,191 

0,01  / 

5.862 

563 

357 

- 1.298 

UnitGd  Kingdom  

6,092 

5,377 

5,949 

4,328 

4,093 

8,078 

1 1 ,692 

9,371 

588 

Italy  

-  3,059 

- 1.422 

- 1,018 

-389 

-  1.418 

-  2,398 

-  5.695 

-  7,088 

-  2.369 

Industrial  chemicals 

United  States  

3.073 

2.926 

2,420 

1,459 

1,080 

485 

1.005 

2.041 

2,572 

Japan   

267 

-  90 

-  557 

- 1,141 

-  2,092 

-  1,921 

■  3,303 

-3,516 

-  4,205 

West  Germany  

2.933 

3,243 

3.468 

4,129 

5,072 

4,617 

3,219 

2,812 

2,976 

-  436 

454 

-  280 

1  ,<i  lU 

1  ,'#yo 

2,018 

1,024 

1,073 

944 

United  Kingdom  

1,372 

1,022 

1,204 

1.218 

1.224 

1.788 

2,379 

2.223 

2.108 

Italy  

-  1,460 

-883 

-583 

-232 

-624 

- 1,046 

-  2,856 

•  2,710 

-3.122 

Drugs  and  medicines 

United  States 

1,217 

1,217 

1,221 

1.110 

914 

740 

806 

570 

567 

Japan 

-  779 

-  803 

-  914 

-  929 

-  986 

- 1 ,002 

- 1,730 

-  1,954 

-  2.240 

West  Germany  

981 

1.188 

1,180 

1.161 

1,265 

1.289 

1,170 

1,115 

1,165 

France 

796 

821 

2,257 

895 

816 

739 

575 

United  Kingdom  

1,217 

1,123 

1,185 

1,065 

1.125 

1,247 

1,550 

1,410 

1,304 

Italy  

36 

92 

82 

-  16 

-  15 

-  75 

-450 

-513 

746 

Engines  and  turbines 

United  Statp<; 

4.566 

4,256 

4.102 

2,717 

1,401 

288 

-557 

-590 

94 

Jaoan 

2,824 

3.463 

3,086 

3,268 

3,928 

3.880 

4.084 

4.318 

4,533 

West  Germany  

3,391 

3,256 

3,722 

3,418 

3,769 

3,680 

3,266 

3.151 

2,917 

Franre 

475 

456 

-  2 

7i 

ooo 

378 

-  126 

-  355 

548 

United  Kingdom  

2,959 

2,613 

2,517 

1.567 

1.547 

1.754 

2.015 

1.436 

1.614 

Italy  

153 

356 

399 

737 

461 

126 

301 

318 

234 

Office  and  computing  machinery 

United  States   

2,517 

2,864 

2,701 

2.847 

2.867 

4,084 

1,952 

935 

819 

Japan   

279 

487 

742 

1,675 

2.722 

4,233 

7,012 

10,697 

16.263 

West  Germany  

-  78 

9 

0 

-382 

-470 

- 1,137 

-  1 .954 

-  3,631 

-  5,402 

France 

139 

172 

-  315 

300 

-  988 

-  996 

-2,559 

United  Kingdom  

138 

-85 

-  121 

-206 

104 

2,864 

3,056 

3.669 

-4,105 

Italy  

-263 

-211 

-223 

-217 

-202 

-  121 

-249 

-908 

-  1,458 

R?dio.  TV,  &  comm.  equipment 

tJnitpH  States 

-  1.554 

-  1.835 

-  386 

-646 

-2.240 

- 1,411 

-  1 ,004 

- 1.383 

-  2,420 

Jaoan                          . , 

1.594 

1.843 

2.084 

3.058 

4,973 

4,170 

4.459 

5,522 

7.599 

West  Germany  

-596 

-468 

-406 

-450 

-612 

-880 

-  1.225 

-  1.147 

-947 

France 

-  192 

-  36 

-  122 

-  93 

-  145 

-  104 

-  204 

-224 

-601 

United  Kingdom   

-  177 

-321 

•  346 

-603 

-864 

-  699 

538 

•  925 

-  1.163 

Italy  

-408 

-216 

-273 

-245 

"512 

-532 

-801 

- 1,058 

^509 

Aircraft 

United  Stales  

10.518 

10,943 

7  463 

7,892 

5.923 

7.841 

9.785 

10,570 

Japan   

-  913 

-  1.204 

-662 

-  1 .402 

-874 

■•  .3o^ 

-2.214 

-  1,987 

-2,144 

West  Germany  

-476 

-777 

-69 

-  1 .040 

439 

-  156 

-  1.467 

-  1.586 

-  1.501 

763 

1.042 

2.067 

1.664 

2.817 

2,365 

1.248 

1,634 

1,424 

United  Kingdom  

422 

1.218 

1.609 

1,664 

1.430 

1,236 

3,083 

1.471 

843 

Italy  

•224 

237 

462 

394 

273 

148 

•96 

-97 

9 

(continued) 
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1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

Millions  of  constant  1980  dollars 

Scientific  instruments 

United  States  

3.362 

3.272 

3.119 

2.135 

933 

138 

-  857 

•  966 

347 

Japan   

4J50 

5.572 

5.163 

5.848 

6.523 

7,348 

7.313 

7.035 

6.824 

West  Germany  

1.785 

2.465 

2.770 

2.626 

3,208 

3,831 

2.992 

2.437 

2.600 

France  

-333 

-  218 

-416 

-  o4o 

-  1.205 

-  1.516 

•  1.628 

United  Kingdom  

162 

-  193 

- 100 

-379 

-473 

-  112 

147 

87 

-  10 

Italy  

-  891 

-  796 

-871 

-809 

-801 

-895 

-  1,544 

-2.119 

-625 

Other  manufactures 

United  Stales  

-12,734 

-14.989 

-  26.275 

-  50.788 

-  90.043 

-  113.885 

-  138.294 

-  140.655 

-  125.126 

53,923 

65,121 

60.801 

66,550 

79.944 

84.706 

65.097 

45.136 

25,811 

33,511 

49,165 

53,673 

40,922 

48.348 

56,764 

37,002 

30.691 

33.553 

10,343 

16.749 

7,916 

8.629 

12.069 

7.008 

-  14.145 

-  23.823 

25.183 

United  Kingdom  

-  4,667 

-12.189 

-  16,247 

-  25.911 

-31.699 

-  32.064 

-34.316 

-  36.171 

-47.151 

Italy  

13.830 

25.277 

24,776 

25,140 

24.194 

24.969 

16.802 

7.299 

9.401 

SOURCE:  Special  tabulations  developed  by  Data  Resources,  Inc./McGraw-Hill  from  Organisation  for  Economic  Cooperation  and  Development  s  Industrial  Structure 
Statistics  and  Series  C  Trade  Data. 

See  figure  6-8  and  figure  0-23  in  Oven/iew.  Saence  &  Engineering  indicators  -  I99i 
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Appendix  table  6-9. 

U.S.  receipts  and  payments  of  royalties  and  license  fees  generated  from  the  exchange  and  use  of  industrial 
processes  with  unafilliated  foreign  residents:  1987-89 


Receipts 


Payments 


Balance 


1987 


1988 


1989 


1987 


1988 


1989 


1987 


1988 


1989 


ALL  COUNTRIES 


Canada . 


France   

West  Germany  . .  . 

Italy  

United  Kingdom. .  . 

Other  

Other  Western  Europe 
Eastern  Europe  

South  and  Central  America .  . 

Brazil  

Mexico  

All  other  

Africa  

Middle  East  


Hong  Kong ... 

India  

Indonesia  

Japan  

South  Korea  . . , 
The  Philippines , 
Singapore. ... 

Taiwan  

All  other  

Another  


-Millions  of  dollars 


1,592 

1.871 

1.902 

436 

449 

597 

1,156 

1,422 

1.305 

87 

61 

56 

9 

11 

13 

78 

50 

43 

446 

524 

523 

320 

330 

449 

126 

194 

74 

439 

492 

512 

320 

330 

448 

119 

162 

64 

372 

248 

277 

392 

105 

139 

-20 

73 

81 

51 

33 

37 

50 

40 

44 

1 

7Q 

74 

76 

100 

112 

135 

-21 

-38 

•59 

57 

74 

67 

25 

20 

32 

32 

54 

35 

uu 

DO 

74 

72 

80 

61 

-12 

•12 

13 

84 

119 

104 

18 

28 

114 

66 

91 

-10 

86 

76 

140 

72 

53 

56 

14 

23 

84 

7 

32 

11 

* 

* 

1 

7 

32 

10 

63 

48 

49 

5 

* 

* 

58 

48 

49 

19 

7 

11 

* 

* 

• 

19 

7 

11 

14 

13 

17 

3 

* 

* 

11 

13 

17 

30 

28 

21 

2 

NA 

NA 

28 

28 

21 

D 

23 

24 

* 

4 

* 

0 

19 

24 

D 

18 

18 

2 

3 

4 

-2 

15 

14 

936 

1.184 

1.221 

95 

98 

128 

841 

1,086 

1,093 

4 

6 

8 

1 

* 

* 

3 

6 

8 

18 

40 

26 

* 

* 

* 

18 

40 

26 

5 

4 

8 

0 

* 

0 

5 

4 

8 

723 

884 

889 

88 

95 

113 

635 

789 

776 

34 

104 

166 

* 

* 

1 

34 

104 

165 

3 

4 

3 

0 

* 

1 

3 

4 

2 

30 

13 

3 

* 

0 

0 

30 

13 

3 

21 

46 

22 

* 

* 

4 

21 

46 

18 

98 

83 

96 

6 

3 

9 

92 

80 

87 

60 

13 

11 

5 

3 

3 

55 

10 

8 

NA  =  not  available 
•  =  less  than  $500,000 

D  =  withheld  to  avoid  disclosing  operations  of  individual  companies 

NOTE:  Industhal  processes  include  patents  and  other  proprietary  inventions  and  technology. 

SOURCE:  Bureau  of  Economic  Analysis.  Survey  of  Current  Business.  Vol,  70.  No.  9  (September  1990):  pp.  45-47. 


See  figure  6-9. 


Science  &  Engineering  Indicators  -  1991 


4!h 


ERIC 


412 


Appendix  A.  Appendix  Tables 


Appendix  table  6-10. 

U«S.  receipts  and  payments  of  royalties  and  fees  associated  with 
unaffiliated  foreign  residents:  1972-*89 

(page  1  of  2) 


All 
countries 

Canada 

France 

Japan 

United 
Kingdom 

West 
Germany 

Other 
countries 

Millions  of  current  dollars 

Receipts 

1972   

.     .  655 

38 

42 

240 

63 

56 

216 

1973  

,  ,  , .  712 

32 

43 

273 

75 

63 

226 

1974   

751 

38 

46 

249 

71 

78 

269 

1975   

757 

38 

47 

219 

79 

81 

293 

1976   

822 

45 

57 

246 

72 

83 

319 

1977   

1,037 

42 

48 

275 

82 

92 

498 

1978   

1,180 

61 

47 

343 

93 

119 

517 

1979   

1,204 

43 

54 

343 

102 

109 

553 

1980   

1,305 

68 

144 

403 

113 

i45 

432 

1981   

1.490 

69 

1'^3 

423 

119 

101 

645 

1982   

1,669 

71 

119 

502 

122 

105 

750 

1983   

.  .  .  .  1,679 

79 

136 

coo 

ode 

1  o4 

1  Ju 

Of  1 

1984   

1,709 

84 

105 

549 

133 

127 

71 1 

1985   

1.899 

101 

122 

606 

126 

112 

832 

1986   

1,842 

145 

105 

632 

113 

117 

730 

1987   

,  2.171 

155 

95 

854 

111 

135 

821 

1988   

2,522 

107 

96 

1.016 

127 

Ants 

126 

■i  ACA 

1 ,050 

1989   

,  .  ,  2,639 

127 

79 

1,026 

147 

144 

1,1 16 

Payments 

1972   

139 

6 

13 

6 

44 

29 

41 

1973   

,    ,  176 

6 

16 

13 

53 

37 

51 

1974   

186 

7 

14 

12 

67 

34 

52 

1975   

186 

9 

15 

9 

76 

32 

45 

1976   

189 

9 

14 

13 

77 

34 

42 

1977   

262 

8 

14 

16 

72 

31 

121 

1978   

.  .  .  ,  277 

10 

16 

15 

84 

27 

•IOC 

125 

1979   

309 

16 

17 

15 

93 

40 

128 

1980   

297 

18 

31 

20 

96 

61 

71 

1981   

289 

13 

30 

37 

99 

43 

67 

1982   

292 

10 

22 

31 

94 

35 

100 

1983   

318 

10 

29 

53 

90 

oc 

Jo 

lUl 

1984   

359 

11 

32 

63 

85 

59 

109 

1985   

425 

10 

25 

66 

123 

47 

154 

1986   

460 

10 

31 

114 

76 

93 

136 

1987   

520 

18 

38 

104 

96 

109 

■i  cc 

1 55 

1988   

1,036 

225 

51 

110 

145 

■IOC 

>IOA 

4o0 

1989   

871 

118 

55 

126 

190 

153 

oon 

1972   

516 

32 

29 

234 

19 

27 

175 

1973   

536 

26 

27 

260 

22 

26 

175 

1974   

565 

31 

32 

237 

4 

44 

217 

1975   

571 

29 

32 

210 

3 

49 

248 

1976   

633 

36 

43 

233 

•5 

49 

272 

1977   

775 

34 

34 

259 

10 

61 

377 

1978   

903 

51 

31 

328 

9 

92 

392 

1979   

  895 

27 

37 

328 

9 

69 

425 

(continued) 
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Appendix  table  6-10. 

U.S.  receipts  and  payments  of  royalties  and  fees  associated  with 
unaffiliated  foreign  residents:  1972-89 

(page  2  of  2) 


All  United  West  Other 

countries  Canada  France  Japan  Kingdom         Germany  countries 


Millions  of  current  dollars 


1980   

  1.008 

50 

113 

383 

17 

84 

361 

1981  

  1.201 

56 

103 

386 

20 

58 

578 

1982   

  1.3?7 

61 

97 

471 

28 

70 

650 

1983   

  1.361 

69 

107 

470 

44 

101 

570 

1984   

  1,350 

73 

73 

486 

48 

68 

602 

1985   

  1,474 

91 

97 

540 

3 

65 

678 

1986   

  1.382 

134 

74 

519 

36 

27 

592 

1987   

  1.648 

137 

57 

750 

14 

27 

663 

1988   

  1.436 

-118 

45 

906 

-18 

1 

484 

1989   

  1,768 

9 

24 

900 

-43 

-9 

835 

NOTE:  Data  do  not  include  transactions  involving  services, 

SOURCE:  Bureau  of  Economic  Analysis,  unpublished  tabulations,  Science  &  Engineering  Indicators  -  1991 
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Appendix  A.  Appendix  Tables 


Appendix  table  6-11. 

Japanese  purchases  of  technological  know-how  through  new  sales  agreements  with 
selected  major  countries:  1984-88 


United 
States 

United 

Canada  Kingdom 

West 
Germany 

France 

Total 

Number  of  agreements 

1984   

  591 

42 

48 

130 

52 

863 

1985   

  716 

23 

134 

102 

38 

1.013 

1986   

  771 

11 

50 

148 

42 

1,022 

1987   

  483 

11 

55 

101 

34 

684 

1988   

  1,011 

27 

57 

91 

57 

1,243 

Value  of  agreements  (million  yen) 

1984   

  23,660 

295 

2,123 

1,631 

603 

28.312 

1985  . 

  23,837 

456 

2,149 

1,856 

858 

29,156 

1986   

  24.210 

161 

1,283 

2.955 

1,125 

29.734 

1987   

  29.049 

285 

1,527 

1,911 

15.132 

47.904 

1988   

  32,893 

756 

1.101 

1.866 

7,046 

43,662 

SOURCES:  Management  and  Coordination  Agency,  Slalislics  Bureau,  Government  of  Japan,  unpublished  statistics;  updates  provided  by  Division  of 
International  Programs.  Tokyo  Office,  National  Science  Foundation. 
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Appendix  table  6-12. 

Japanese  sales  of  technological  know-how  through  new  sales  agreements  with  selected 
major  countries:  1984-88 


United 

United 

West 

States 

Canada 

Kingdom 

Germany 

France 

Total 

Numtier  of  agreements 

1984   

  197 

41 

47 

37 

39 

361 

1985  

  261 

10 

42 

61 

41 

415 

1986  

  238 

20 

45 

45 

48 

396 

1987   

  244 

7 

50 

60 

53 

414 

1988   

  301 

18 

51 

59 

24 

453 

Value  of  agreements  (million  yen) 

1984   

  12,092 

646 

1.971 

467 

1,681 

16.857 

1985   

7.235 

176 

1,767 

6,693 

1,346 

17,217 

1986   

8,018 

311 

1,667 

2,175 

1,126 

13.297 

1987   

  10,237 

123 

2.366 

1.834 

1,671 

16,231 

1968   

  5,500 

325 

1.510 

1,877 

530 

9.742 

SOURCES:  Management  and  Coordination  Agency,  Statistics  Bureau,  Government  of  Japan,  unpublished  statistics;  updates  provided  by  Division  of 
International  Programs,  Tokyo  Office,  National  Science  Foundation. 
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Appendix  table  6-13. 

National  R&D  expenditures,  by  sector  of  performance  and  source  of  funds:  1975  and  1988 


France 


SECTOR  OF  PERFORMANCE 


West 
Germany 


Japan 


United 
Kingdom 


Percentage  diSiribution 


Sweden 


Italy 


United 
States 


1975 

Total   100 

Government   23 

Industry   60 

Higher  education   16 

Other'   1 

1988' 

Total   100 

Government   24 

Industry   60 

Higher  education   15 

Other'   1 

Government   +1 

Industry   0 

Higher  education   -1 

Other^   0 


100 

17 
63 
20 


100 

13 
72 
14 
NA 


•4 

+9 
•6 


100 

12 
57 
28 
3 


100 

9 
68 
19 

4 


100 

26 
62 
8 
3 


100 

15 
67 
14 
4 


Percentage  change 


-3 
+11 

-9 
+1 


-11 

+5 
•6 
+1 


100 
8 

69 
23 
NA 


100 
4 

67 
29 


-4 

-2 
+6 


100 

22 
56 
22 
NA 


100 

22 
58 
20 
NA 


0 
+2 
-2 
NA 


100 

15 
69 
13 
4 


100 

14 
73 
10 
3 


-1 
+4 
-3 
•1 


SOURCE  OF  FUNDS 


Percentage  distribution 


1975 

Total   100 

Government   54 

Industry   39 

Higher  education   1 

Olher^   6 

1988' 

Total   100 

Government   51 

Industry   43 

Higher  education   NA 

Other^   6 

Government   -3 

Industry   +4 

Higher  education   -1 

Olher^   0 


100 

47 
50 
NA 
2 


100 

36 
63 
NA 
1 

-11 
+13 

-1 


100 

29 
55 
15 
1 


100 

20 
70 
9 
1 


100 

52 
41 
1 
7 


100 

39 

50 
* 

11 


Percentage  change 
-9  -13 

+15  +9 
-6  -1 
0  +4 


100 

39 
57 
1 
3 


100 

38 
60 


-1 
+3 
-1 
-2 


100 

43 
51 
1 
S 


100 

54 
42 
NA 
4 

+11 
-9 
-1 
-1 


100 

51 
45 
2 
2 


100 

46 
50 
3 
1 

•5 
+5 
+1 

-1 


*  =  less  than  0.5  percent;  NA  =  not  available;  —  =  unknown 
NOTE;  Percentages  may  not  total  100  because  of  rounding. 
'Private  nonprofit  Institutions. 

'French  and  Japanese  figures  for  1988  are  National  Science  Foundation  (NSF)  estimates:  United  Kingdom  and  Swedish  data  are  for  1987.  Italian  figures 
are  for  1 986. 

'Private  nonprofit  institutions  and  funds  from  abroad. 

'French  and  Japanese  figures  for  1988  are  NSF  estimates;  United  Kingdom.  Swedish,  and  Italian  data  are  for  1987. 
SOURCtfS;  NSF;  Organisation  for  Economic  Coooeration  and  Development:  and  national  sources 

See  figures  6-10  and  6-1 1 .  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  6-14. 

Percentage  of  national  R&D  financed  by  industry,  by  country:  1970-88 


France 

West 
Germany 

Japan 

United 
Kingdom 

Sweden 

Italy 

United 
States 

1970  , 

37 

53 

55 

NA 

NA 

51 

40 

1971  .  .  . 

37 

52 

55 

NA 

56 

52 

41 

1972  .  , 

.  ,  .  37 

49 

55 

44 

NA 

52 

41 

1973  .  .  . 

38 

49 

55 

NA 

54 

49 

43 

DD 

MA 

MA 

0  1 

1975 

39 

50 

55 

41 

57 

51 

45 

1976  , 

42 

51 

55 

NA 

NA 

50 

45 

1977  ,  .  . 

41 

53 

56 

NA 

59 

47 

46 

1978 

42 

52 

58 

44 

NA 

50 

47 

A'i 

DO 

MA 

RO 
ou 

47 

1980 

44 

56 

61 

NA 

NA 

52 

49 

1981  ,  , 

41 

£6 

62 

41 

57 

50 

50 

1982 

42 

57 

64 

NA 

NA 

49 

51 

1983  .  .  . 

42 

59 

bb 

AO 

oy 

At^ 

1984 

41 

59 

67 

NA 

NA 

44 

50 

1985 

42 

60 

69 

47 

61 

45 

49 

1986 

41 

61 

69 

50 

NA 

40 

48 

1987 

42 

63 

69 

50 

60 

42 

48 

1988  .  .  . 

.  .  .  43 

63 

70 

NA 

NA 

41 

50 

NA  =  not  available 

NOTES:  Data  for  1988  are  national  estimates;  1988  figure  for  France  is  a  National  Science  Foundation 
(NSF)  estimate. 

SOURCES:  NSi":  Organisation  for  Economic  Cooperation  and  Development:  and  national  sources. 
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Appendix  table  6-15, 

Industrial  R&D  expenditures,  by  source  of  funds:  1953-91 


Total  R&D 

Federal 

Conr.pany' 

Constant 

Constant 

Constant 

Current 

1982 

Current 

1982 

Current 

1982 

dollars 

dollars' 

dollars 

dollars' 

dollars 

dollars' 

Millions  of  dollars 

  •  — 

 ■  ■■■  ■ 

1953   

3,630 

14,021 

1.430 

5.523 

2,200 

8.497 

4,070 

15,475 

1  7R0 
1 .  /  OU 

2.320 

8,821 

1955   

4,640 

17,090 

2.180 

8.029 

2.460 

9,061 

1956   

6.605 

23,530 

3.328 

11.856 

3211 

1 1 .674 

1957   

7,731 

26,585 

4.335 

14.907 

3,396 

11,678 

1958   

8,389 

28,274 

4.759 

16.040 

3.630 

12,235 

9,618 

31,597 

ifl  m9 

3.983 

13,085 

1960   

10,509 

33,955 

6.081 

19,648 

4.428 

14,307 

1961  

10,908 

34,917 

6.240 

19.974 

4.668 

14,942 

1962   

1 1 ,464 

35,892 

6.434 

20.144 

5.029 

1 5,745 

1963   

12,630 

38,981 

7,270 

22.438 

5.360 

16.543 

13,512 

41 ,032 

7  790 

no  AAA 

5.792 

17,589 

1965   

14,185 

41.992 

7.740 

22,913 

6.445 

19,079 

1966   

1 5,548 

44.474 

8.332 

23,833 

7,216 

20,641 

1967   

16,385 

45,590 

8.365 

23.275 

8.020 

22.315 

1968   

17.429 

46.194 

8.560 

22.688 

8.869 

23.506 

1  QRQ 

18,308 

46,023 

91  Odd 

9,857 

24.779 

1970   

18,067 

42.986 

7.779 

18.508 

10.288 

24.478 

1971  

18,320 

41,280 

7.666 

17.274 

10.654 

24,006 

1972   

19.552 

42.056 

8.017 

17.245 

11.535 

24.812 

1973   

21,249 

42,893 

8.145 

16.441 

13.104 

26.451 

1Q74 

22,887 

42.415 

1  ^  O^d 

14.667 

27.181 

1975   

24,187 

40.781 

8,605 

14.509 

15.582 

26.272 

1976   

26,997 

42.805 

9.561 

15.159 

17.436 

27.645 

1977   

29,825 

44.330 

10.485 

15.584 

19.340 

28.746 

1978   

33,304 

46,115 

11,189 

15.493 

22.115 

30.622 

1  Q7Q 

38,226 

48.652 

19  '^Ifl 
1 ^.u  1  O 

25.708 

32,720 

1980   

44,505 

51.919 

14.029 

16.366 

30.476 

35.553 

1981  

51.810 

55,140 

17  A'X^^ 

35.428 

37.705 

1982   

58,650 

58,650 

18.545 

18.545 

40.105 

40.105 

1983   

65,268 

62,842 

20.680 

19.911 

44.588 

42.931 

1984 

74.800 

69,433 

23,396 

21.717 

51.404 

47.716 

1985   

84.239 

75.925 

27.196 

24.512 

57.043 

51.413 

1  Qflf^ 

87.823 

77.160 

27.891 

24.504 

59,932 

52.655 

1987   

92.155 

78.477 

30.752 

26.188 

51.403 

52.289 

1988   

97.889 

80.680 

32.306 

26.627 

65.583 

54.053 

1989   

101.599 

80.436 

31.366 

24.833 

70,233 

55.604 

1990  (est)  , 

,  .  104.800 

79.629 

31 .800 

24.162 

73.000 

55.467 

1991  (est.)  .  . 

.  .  109,150 

79.434 

33  000 

24.016 

76.150 

55.418 

'Company  funds  include  funds  for  industrial  R&D  work  peiformed  within  company  facilities  from  all 
sources  except  the  Federal  Government.  The  sources  of  funds  may  comprise  those  from  outside 
organizations  such  as  research  institutions  universities  and  colleges,  other  nonprofit  organizations,  other 
companies,  and  state  governments,  as  well  as  companies'  own.  Company-financed  R&D  not  performed 
within  the  company  is  excluded. 

'See  appendix  table  4-1  for  GNP  Implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982 
dollars. 

SOURCE'  Science  Resources  Studies  Division.  National  Science  Foundation.  Selected  Data  on 
Research  and  Development  in  Industry:  1989.  NSF  91-302  (Washington.  DC:  NSF.  1991). 

See  figure  6-12.  Science  &  Engmeenng  Indicators  ~  1991 
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Appendix  table  6-16. 

Total  expenditures  for  industrial  R&D  (financed  by  company,  Federal,  and  other  funds),  by  industry  and  size  of  company:  1979-89 

(page  1  of  3) 


! 


Industry  and  company  size 


3IC  code 


1979 


1980 


1981 


1982 


1983 


1984 


1985      1986      1957      1988  1989 


4;.- 

ERIC 


TOTAL                                                                                            All  38,226 

High-technology  manufacturing  industries                             28,36,372,376,38  22,408 

Other  manufacturir^g  industries                                           Other  mfg  SICs  1 4,278 

Nonmanufacturing  industries                                              10-11,14-17,40-  1,540 

42,44-51,53-54, 
56,60,62-63,72- 
73,78,806-07,87 

Distribution  by  manufacturing  industry 

Chemicals  and  allied  products                                                               28  4,038 

Industrial  chemicals                                                             281-82,286  1 ,962 

Drugs  and  medicines                                                                   283  1 ,51 7 

Other  chemicals                                                              284-85.287-89  559 

Petroleum  refining  and  extraction                                                        13,29  1 ,262 

Rubber  products                                                                               30  577 

Stone,  clay,  and  glass  products                                                            32  356 

Primary  metals                                                                               33  634 

Fabricated  metal  products                                                                   34  455 

Machinery                                                                                    35  4,825 

Office,  computing,  and  accounting  machines                                          357  3,214 

Other  machinery,  except  electrical                                         351  -56,358-59  1 ,61 1 

Electrical  equipment                                                                           36  7,824 

Radio  and  TV  receiving  equipment                                                     365  245 

Communication  equipment                                                               366  3,635 

Electronic  components                                                                   367  1 ,169 

Other  elerjtrical  equipment                                                      361-64,369  2,775 

Transportation  equipment                                                                     37  12,709 

Motor  vehicles  and  motor  vehicles  equipment                                         371  4,509 

Other  transportation  equipment                                                 373-75,379  1 59 

Aircraft  and  missiles                                                                 372,376  8,041 

Professional  and  scientific  instruments                                                       38  2.505 

Scientific  and  mechanical  measuring  instruments                                 381-82  950 

Optical,  surgical,  photographic,  and  other 

instruments                                                                           383-87  1,555 

Distribution  by  size  of  company' 

Less  than  500   1.764 

500-999   

1 .000  -  4.999    2,483 

5.000-9,999    1.691 

10.000-24.999    5,191 

25.000  or  more   27.097 


44,505 
26,038 
16,652 
1,815 


4,636 
2,197 
1,777 
662 

1,552 
656 
406 
728 
550 

5,901 
3,962 
1.939 

9,175 
556 
4,024 
1.547 
3,048 

14.315 
4,955 
162 
9,198 

3.029 
1.352 

1,677 


2.701 
2.028 
6.017 
31,693 


51,810 
31,536 
18,368 
1,906 


Millions  of  current  dollars 
58,650    65,268  74,800 


5,625 
2,802 
D 
D 

D 
D 
D 

878 
624 

6,818 
D 
D 

10,329 
D 

4,758 
1,573 
D 

D 

4,806 
D 

11,968 

3,614 
D 


35,908 
20.270 
2,472 


39,538 
22,393 
3,337 


6.604 
3,206 
D 
D 

D 
D 
D 

987 
625 

8,078 
D 
D 

10,923 
D 

5.839 
1,740 
D 

D 

4.797 
D 


3,930 
D 


3.148 
2.988 
6.762 
36.607 


3.864 
2,751 
7.9^3 
41.156 


7,185 
3,214 
D 
D 

D 
D 
D 

1,085 
701 

9,027 
D 
D 

12,681 
D 

7.298 
2,169 
D 

D 

5.318 
D 


45,165 
24,730 
4,905 


7,927 
3,240 
D 
D 

D 
D 
D 
D 
842 

10,504 
D 
D 

13,778 
D 

8.685 
2.831 
D 


84,239 
50,216 
27,309 
6,714 


87,823 
49,976 
30,401 
7,446 


92,155 
55,163 
29,148 
7,844 


8,540 
3,498 
D 
D 

D 
D 
D 
D 

829 

12,216 
D 
D 

14,432 
D 

9,397 
3,385 
D 


8.843 
3,55P 
3,658 
1,633 

D 
D 

950 
D 

895 

D 
D 

2,396 

14,980 
133 
9,669 
D 
D 


9,635 
3,716 
D 
D 

1,897 
D 
995 
730 
783 

D 
D 

2,428 

15,848 
139 

10,184 
4,286 
1,239 


97,889 
58,340 
31,436 
8,113 


10.772 
3,959 
4.746 
2,067 


101,599 
59,722 
33,604 
8,273 


11,537 
4,056 
D 
D 


1,944  2.066 

D  D 

D  D 

663  768 


829 

D 
D 

2,719 


788 

D 
D 

2,789 


16,242  16,768 

139  85 

10,296  10,508 

4,607  4,884 

1,200  1,291 


D  D    31,275    34.246   36,338  36,863 

6,057     6,984  D  D  D  D 


14,451     15,406    18,858    22,231    21,050    24,458   25,900  25,654 


4,266 
D 


4.602  5,013 
D  D 

D  D 


5.103 
D 


5.222     5,426  5,763 
D     1.734  1,868 

D     3.692  3.895 


2.065      2.305      2.934  4,422 


4.178 
2.798 
9.499 
44.372 


4.402 
1.439 
5.520 
3,251 
11.351 
48.837 


5.866 
1.648 
6.240 
4.022 
11.109 
55,354 


7.071 
1.902 
7,472 
4,251 
10.493 
56,991 


7,163 
1.725 
7.262 
4.501 
12,043 
59,461 


S 

1.656 
7.598 
5.236 
11.473 
64.678 


7.446 
1.718 
7.843 
5.475 
10.432 
68.685 


> 
a 

X 

> 


(D 


(continued) 


Appendix  table  6-16. 

Total  expenditures  for  industrial  R&D  (financed  by  company,  Federal,  and  other  funds),  by  industry  and  size  of  company:  1979-89 

(page  2  of  3) 


Industry  and  company  size 


SIC  code 


1979 


1980 


1981 


1982 


1983 


1984 


1985 


1986      1987       1988  1989 


TOTAL  

High-technology  manufacturing  industries 

Other  manufacturing  industries  

Nonmanufacturing  industries  


All 

28.36.372.376,38 
Other  mfg  'olCs 
10-11,14-17  40- 
42.44-51,53-54, 
56.60,62-63.72- 
73.78,806-07.87 


48.652 
28.520 
18.172 
1.960 


(Millions  of  constant  1982  dollars' 
51.919    55,140     58.650    62.842    69,433  75,925 


30,376 
19,426 
2.117 


33.563 
19.549 
2.029 


35.908 
20.270 
2.472 


38.069 
21.561 
3.213 


41,924 
22.956 
4.553 


45.260 
24.614 
6.051 


77.160 
43.908 
26.710 
6.542 


78.477 
46.975 
24,822 
6.680 


80.680  80.436 

48.084  47.282 

25,910  26,604 

6.687  6,550 


Distribution  by  manufacturing  industry 

Chemicals  and  allied  products  

Industrial  chemicals  

Drugs  and  medicines  

Other  chemicals  


Petroleum  refining  and  extraction 

Rubber  products  

Stone,  clay,  and  glass  products  . 

Primary  metals  

Fabricated  metal  products  


Machinery  

Office,  computing,  and  accounting  machines 
Other  machinery,  ex'jept  electrical  


Electrical  equipment  

Radio  and  TV  receiving  equipment 

Communication  equipment  

Electronic  components  

Other  electrical  equipment  


Transportation  equipment  

Motor  vehicles  and  motor  vehicles  equipment. 

Other  transportation  equipment  

Aircraft  and  missiles  


Professional  and  scientific  instruments  

Scientific  and  mechanical  measuring  intxiumenls 
Optical,  surgical,  photographic,  and  other 
instruments  


Distribution  by  size  of  company 

Less  than  500  

500  999   

1.Q00  4.999   

5.000  •  9.999   


ERIC 


4!U 


(continued) 


I  ? 

il 


i  I 


28 

5.139 

5.408 

5.987 

6.604 

6.918 

7.358 

7.697 

7.769 

8,205 

8,878 

9,1  o4  ! 

281-82.286 

2,497 

2.563 

2.982 

3,206 

3.095 

3.008 

3,153 

3.121 

3,164 

3.263 

3,211  : 

283 

1,931 

2,073 

D 

D 

D 

D 

D 

3.214 

D 

3,912 

D  1 

284-85,287-89 

711 

772 

D 

D 

D 

D 

D 

1.435 

D 

1.704 

D  1 

13.29 

1,606 

1,811 

D 

D 

D 

D 

D 

D 

1,615 

1,602 

1  ,bob 

30 

734 

765 

D 

D 

D 

D 

D 

D 

D 

D 

D  I 

32 

453 

474 

D 

D 

D 

D 

D 

835 

847 

D 

D  i 

33 

807 

849 

934 

987 

1.045 

D 

D 

D 

622 

546 

608  i 

34 

579 

642 

664 

625 

675 

782 

747 

786 

667 

683 

624  i 

1 

35 

6.141 

6.884 

7.256 

8.078 

8.692 

9.750 

11,010 

D 

D 

D 

D  i 

357 

4,091 

4.622 

D 

D 

D 

D 

D 

D 

D 

D 

D  I 

351-56.358-59 

2.050 

2.262 

D 

D 

r^ 

D 

D 

2,105 

2.068 

4  ,<i4l 

36 

9.958 

10,703 

10,993 

10,923 

12,210 

12.789 

13.008 

13,161 

13.496 

13,387 

[ 

13.275  ! 

365 

312 

649 

D 

D 

D 

D 

D 

117 

118 

115 

67  1 

366 

4.626 

4.694 

5,064 

5.839 

7,027 

8,062 

8.470 

8.495 

8.672 

8,486 

8.319  ; 

OU  r 

1  AOS 

1,674 

1,740 

2,088 

2,628 

3,051 

D 

3,650 

3.797 

3.867 

361-64.369 

3,532 

3,556 

D 

D 

D 

D 

D 

D 

1.055 

989 

1.022  1 

37 

16,175 

16,700 

D 

D 

D 

D 

D 

27.478 

29,163 

29,950 

29.185  \ 

371 

5.739 

5.780 

5.115 

4.797 

5.120 

5.622 

6,295 

D 

D 

D 

0  \ 

373-75.379 

202 

189 

D 

D 

D 

D 

D 

D 

D 

D 

D  i 

372,376 

10.234 

10.730 

12.737 

14,451 

14.833 

17.505 

20.037 

18.494 

20,828 

21.347 

20.310  1 

38 

3.188 

3.534 

3.846 

3.930 

4.107 

4.272 

4,518 

4.483 

4,447 

4.472 

4,563 

381-82 

1,209 

1,577 

D 

D 

D 

D 

D 

D 

D 

1.429 

1.479  ; 

383-87 

1.979 

1,956 

D 

D 

D 

D 

D 

D 

D 

3.043 

3.084 

2.245 

2,409 

2.453 

2,934 

4,258 

4,086 

5.287 

6.212 

6.100 

D 

5,895  ; 

3.160 

3.151 

3,350 

3,864 

4.023 

5.124 

^.  r.24 

6.565 

6.184 

6.262 

6,209 

2.152 

2.366 

3,180 

2.751 

2.694 

3.018 

3,625 

3.735 

3.833 

4.316 

4.335  ; 

Appendix  table  6-16. 

Total  expenditures  for  industrial  R&D  (financed  by  company,  Federal,  and  other  funds),  by  industry  and  size  of  company:  1979-89 
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Industry  and  company  size 


SIC  code 


1979 


1980 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


1988 


1989 


10.000  •  24.999.  . 
25.000  or  more  .  . 


Millions  of  constant  1982  dollars* 
6.607      7,019      7,197      7.943      9,146    10,537    10.013     9,219    10,255     9,456  8,259 
34,488     36.973    38,960     41.156    42,723    45.333    49,891    50.071    50,635   53.308  54,378 


D  •■  withheld  to  avoid  disclosing  operations  of  individual  companies 
S   withheld  because  of  imputation  of  more  than  50  percent 
Distribution  is  based  on  number  of  employees. 

See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCE  Science  Resources  Studies  Division,  National  Science  Foundation.  Selected  Data  on  Research  and  Development  m  Industry:  1989,  NSF  91-302  (Washington.  DC:  NSF.  1991). 

See  figure  6-13.  Science  &  Engineering  Indicators  -  1991 


Appendix  table  6-17. 

Federal  funds  for  industrial  R&D  performance,  by  industry  and  size  of  company:  1979-89 

(page  1  of  3) 


<  Industry  and  company  size 


TOTAL  

High-technology  manufacturing  industries 

Other  manufactunng  industries  

Nonmanufacturing  industries  


Distribution  by  manufacturing  Industry 

Chemicals  and  allied  products  

Industnal  chemicals  

Drugs  and  medicines  

Other  chemicals  


ERLC 


Petrol6}um  refining  and  extraction  . 

F^ubber  products  

Slonn,  clay,  and  glass  products 

Primary  metals  

F  abricated  metal  products  .  .  -  . 


Machinery  

Office,  computing.  &  accounting  fnachines. 
Other  machinery,  except  electrical  


Electrical  equipment   

P^adic)  and  TV  receiving  equipment . 

Communication  equipment  

t  ieclronic  components  

Other  electrical  equipment  


Transf)Oftation  equipment  

Motor  vehicles  and  motor  vehicles  equipment 

Other  transportation  equipment  

Aircraft  and  missiles  


Profesfiiofial  and  scientific  instruments.  

Scientific  &  mechanical  measuring  instruments 
Optical,  surgical,  photographic,  and  other 
instruments  .  .•  


Distribution  by  size  of  company 

l  ess  than  bOO  

[dOO  -  999   

1000-4.999  

.').000  ■  9.999   

10  000-^4.999  

i^b.OOU  or  more. 


5(^-3   ''''' 


SIC  code 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Millions  of  current  dollars 

All 

12,518 

14,029 

16,382 

1  R  f^A^ 
\  0,OHD 

nn  Ron 

27,196 

27,891 

30.752 

32,306 

31.366 

28,36,372.276.38 

9,988 

11,317 

13,506 

1fi  7fi9 

1Q  417 

22.364 

20,727 

24,380 

25,566 

25.069 

Other  mfg  SICs 

1,849 

1,933 

2,01 8 

2.109 

2,665 

2.326 

0  m  Q 

T  Qfl7 
O,  r 

SRI 

10-11, 14-17. 40 

681 

779 

858 

1.000 

1.253 

1.653 

1  o 

o  7nR 

9  7nn 

c. ,  /  DO 

9  71fi 

42,44-51,53-54. 

56,60,62-63,72- 

73.78,806-07.87 

28 

346 

3/2 

421 

407 

393 

191 

^:oU 

1  7Q 

1  /y 

1  Qn 

1  57W 

1  QQ 

oo 

281-82.286 

345 

341 

409 

396 

386 

183 

OA  7 

1 7n 

1  fO 

1 

1  Ou 

1  QR 

R4 

283 

D 

D 

D 

n 

n 

n 

n 
U 

1 

n 

n 

284-85.287-89 

D 

D 

D 

n 

n 

n 

u/ 

D 

0 

D 

0 

D 

13.29 

153 

151 

D 

D 

D 

D 

n 
u 

n 

1  4 

^  1 

c 

30 

D 

D 

U 

n 

n 

n 

L/ 

n 

r^ 

n 

u/ 

32 

D 

D 

D 

n 

n 

n 

u/ 

D 

9 

10 

D 

D 

33 

95 

135 

176 

07K 
^  /  D 

n 

u/ 

D 

D 

19 

21 

34 

34 

41 

49 

80 

R7 

RQ 

yo 

1  RO 

1  ow 

149 

1  Ou 

35 

335 

647 

694 

851 

1,116 

1.192 

n 

n 

n 

u/ 

n 

357 

256 

D 

D 

n 

n 

n 

n 
u 

n 
u 

n 

n 

n 

351-56.358-59 

79 

D 

D 

n 

r^ 

n 

u/ 

D 

75 

44 

98 

106 

36 

3,309 

3,744 

3,920 

4.241 

4.523 

4.741 

0,1d  1 

0.^  1  o 

TQQ 

R  170 

S  999 

365 

53 

210 

U 

D 

D 

D 

n 

n 
u 

n 

w 

w 

0 

366 

1.586 

1 ,657 

1 ,783 

0  7Qfl 

O.DOD 

A 

4  7PQ 

4  fi91 

4,666 

367 

D 

382 

361 

398 

359 

477 

559 

D 

656 

728 

522 

361-64.369 

D 

1.495 

D 

D 

D 

D 

D 

D 

14 

21 

34 

37 

D 

D 

D 

n 

n 

n 

D 

17,708 

20.784 

22,176 

21.763 

371 

729 

655 

587 

476 

564 

673 

820 

D 

D 

D 

D 

373-75,379 

D 

D 

D 

n 
u 

n 

n 

D 

D 

D 

D 

D 

372.376 

5.840 

6,628 

8,528 

1  1  TQR 

1  A  r\QA 

14  Q04 

1Q  fl77 

19.634 

38 

493 

573 

637 

*tDU 

0\/  1 

oy  1 

oD  1 

'J70 

190 

19S 

381-82 

203 

350 

D 

n 
u 

n 

n 

U 

n 
u 

n 

C 

o 

c 
o 

383-87 

290 

223 

D 

D 

D 

D 

n 
U 

u 

n 

QR 

1 1  S 

389 

354 

424 

523 

641 

621 

739 

868 

963 

864 

940 

D 

D 

D 

D 

D 

98 

117 

137 

115 

139 

105 

590 

444 

562 

623 

740 

902 

991 

1.229 

981 

1.157 

1.113 

228 

43^ 

619 

527 

718 

487 

672 

796 

748 

914 

813 

1.179 

1.150 

1.225 

1.495 

2.271 

2.805 

2,743 

2.004 

2,3G2 

1,805 

1.245 

10.132 

1 1 .648 

13.551 

15.377 

16.311 

18.483 

21.933 

23.213 

25.583 

27.428 

27.150 

(continued) 
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Appendix  table  6-17, 

Federal  funds  for  industrial  R&D  performance,  by  industry  and  size  of  company:  1979-89 

(page  2  of  3) 


Industry  and  company  size 


SIC  code 


1979 


1980  1981 


1982 


1983 


1984      1985      1986       1987      1988  1989 


ERIC 


TOTAL                                                                                            All  15,932 

High-technology  manufacturing  industries                              28,36.372.276,38  12.712 

Other  manufacturing  industries                                            Other  mfg  SICs  2.353 

Nonmanufacturing  Industries                                              10-11,14-17,40-  867 

42,44-51,53-54, 
56,60,62-63,72- 
73,78,806-07,87 

Distribution  by  manufacturing  industry 

Chemicals  and  allied  products                                                                28  440 

Industrial  chemicals                                                              281-82,286  439 

Drugs  and  medicines                                                                     283  D 

Other  chemicals                                                                284-85,287-89  D 

Petroleum  refining  and  extraction                                                         13.29  195 

Rubber  products                                                                             30  D 

Stone,  clay,  and  glass  products                                                         32  D 

Primary  metals                                                                             33  121 

Fabricated  metal  products                                                               34  52 

Machinery                                                                                      35  426 

Office,  computing,  and  accounting  machines                                           357  326 

Other  machinery,  except  electrical                                          351-56,358-59  101 

Electrical  equipment                                                                             36  4.212 

Radio  and  TV  receiving  equipment                                                      365  67 

Communication  equipment                                                              366  2,019 

Electronic  components                                                                   367  D 

Other  electrical  equipment                                                      361  -64,369  D 

Transportation  equipment                                                                     37  D 

Motor  vehicles  and  motor  vehicles  equipment                                          371  928 

Other  transportation  equipment                                                  373-75,379  D 

Aircraft  and  missiles                                                                   372,376  7,433 

Protossional  and  scientific  instruments                                                       38  627 

Scientific  and  mechanical  measuring  instruments                                  381-82  258 

Optical,  surgical,  photographic,  and  other 

instruments                                                                            383-87  369 

Distribution  by  size  of  company' 

Loss  than  500   ^95 

600  -999   ^ 

1.000 -4.999    751 

5.000-9.999    290 


Millions  of  constant  1 982  dollars' 


6.366 

17,435 

18,545 

19,911 

21,717 

24.512 

24.504 

26,188 

26,627 

24,833 

3,202 

14,374 

15,436 

16,139 

18.024 

20,157 

18.210 

20.761 

21,071 

19.847 

2,255 

2,148 

2.109 

2,566 

2,159 

2.270 

3.917 

3.127 

3,286 

2,835 

909 

913 

1,000 

1,206 

1.534 

2,085 

2.377 

2,299 

2,269 

2,150 

434 

448 

407 

378 

177 

207 

157 

162 

164 

70 

0\70 

^79 

170 

196 

156 

158 

162 

67 

D 

D 

D 

D 

D 

D 

1 

D 

2 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

1  /  v> 

n 

n 

n 

n 

D 

D 

12 

17 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

8 

9 

D 

D 

157 

187 

276 

370 

D 

D 

D 

16 

17 

27 

57 

85 

60 

65 

64 

44 

83 

128 

117 

107 

7^Q 

1  07*^ 

1  106 

1  347 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

66 

37 

81 

84 

4,368 

4,172 

4,241 

4.355 

4,401 

4.652 

4,580 

4.598 

4,426 

4,134 

n 

D 

D 

D 

D 

D 

D 

D 

D 

1,933 

1,898 

2,284 

2.694 

3,284 

3.806 

3,999 

4,027 

3,809 

3,694 

446 

384 

398 

346 

443 

504 

D 

559 

600 

413 

n 

D 

D 

D 

12 

17 

27 

D 

D 

D 

D 

D 

D 

1 5,558 

17.699 

18,277 

17,230 

ft9(^ 

476 

543 

625 

739 

D 

D 

D 

D 

0 

D 

D 

D 

D 

D 

D 

D 

D 

D 

7,732 

9,076 

10.265 

10,972 

13.083 

14.945 

13,165 

15,770 

16,383 

15,544 

668 

678 

523 

433 

363 

352 

308 

232 

99 

99 

408 

D 

D 

D 

D 

D 

D 

D 

D 

D 

260 

D 

D 

D 

D 

D 

D 

D 

79 

91 

413 

451 

523 

617 

576 

666 

763 

820 

712 

744 

D 

D 

D 

D 

91 

105 

120 

98 

115 

83 

518 

598 

623 

712 

837 

893 

1.080 

835 

954 

881 

504 

659 

527 

691 

452 

606 

699 

637 

753 

644  q 
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Appendix  table  6-17. 

Federal  funds  for  Industrial  R&D  performance,  by  industry  and  size  of  company:  1979-89 

(page  3  of  3) 


Industry  and  company  size 


SIC  ccxle 


1979        1980      1981       1982       1983      1984       1985      1986      1987      1988  1989 


10.000-24.999 
25.000  or  more. 


Millions  of  constant  1 982  dollars' 
1 ,501      1 .342      1 .304      1 .495      2,187     2.604      2,472     1 ,761     2,01 1      1 ,488  986 
12,896    13,588     14,422    15,377     15.705    17,157     19,768    20.394    21,786    22,606  21.495 


D    Withheld  to  avoid  disclosing  operations  of  individual  companies 
S   withheld  because  of  imputation  of  more  than  50  percent 
Dtstnbulion  is  based  on  number  of  employees. 

See  appendix  table  4-1  for  GNP  implicit  price  deflators*  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCE  Science  Resources  Studies  Division.  National  Science  Foundation.  Selected  Data  on  Research  and  Development  in  Industry.  1989.  NSr  91-302  (Washington. 


See  figure  6-14. 


Appendix  table  C-18. 

Company  and  other  (except  Federal)  funds  for  industrial  R&D  performance,  by  industry  and  size  of  company:  1979-89 

(page  1  of  3) 


Industry  and  company  size 


TOTAL  

High-tf^chnology  manufacturing  industries. 

0\>>r  manufacturing  industries  

Noni>i^)nufacturing  Industries  


Distribution  by  manufacturing  industry 

Chemicals  and  allied  products  

IndiJsUf^,  chenrifcals  

Drugs  -i-'d  rp'*^  1;cines  

Other  ch*.,T;icjt<$  


Petroleum  refin;ng  and  extraction 

Rubber  products  

Stono.  clay,  and  qiass  products.  . 

Pnaiary  metals  

Fabricated  metal  products  


SIC  code 


1979 


1980  1981 


1982 


1983 


1984 


1985      1986       1987      1988  1989 


Millions  of  current  dollars 


All  25,708     30.476  35.428 

28.36,372,376,38  8.728     10.457  12,827 

Other  mfg  SICs  16,121     18.982  21.553 

10-11.14-17,40-  859       1.037  1,048 
42.44-51,53-54. 
56,60,62-63.72- 
73,78,806-07.87 


40,105 
14,275 
24.358 
1.472 


44.588 
15,984 
26,520 
2,084 


51.404 
18,012 
30.140 
3,252 


57,043 
19.542 
33,100 
4,401 


59,932 
20.585 
34,607 
4,740 


61,403 
21,338 
34,921 
5.144 


65.583 
22.201 
38.022 
5,360 


70,233 
23.204 
41 ,472 
5,557 


28 

3,692 

4,264 

5.205 

6,197 

6,792 

7.736 

8.310 

8,664 

9.445 

10.573 

1 1 .449 

281-82,286 

1,617 

1.856 

2.393 

2,810 

2.828 

3.057 

3.281 

3.374 

3.531 

3763 

3.972 

283 

D 

D 

2,064 

2.473 

2.896 

3,310 

3,481 

3.657 

4,095 

4.743 

5.206 

284-85.287-89 

D 

653 

747 

914 

1,068 

1,369 

1.548 

1,633 

1,819 

2,067 

2.271 

13.29 

1,109 

1.401 

1,780 

2,003 

2.074 

2,245 

2,194 

1.971 

1,883 

1,923 

2.050 

30 

D 

D 

598 

617 

638 

671 

659 

655 

596 

635 

679 

32 

D 

D 

411 

472 

586 

705 

825 

941 

985 

826 

861 

33 

539 

594 

702 

711 

701 

683 

730 

786 

711 

642 

734 

34 

414 

501 

545 

565 

634 

773 

780 

800 

633 

687 

653 

Machinery  

Offico.  computing,  and  accounting  machines. 
Other  machinery,  except  electrical  


Electrical  equipment  

Radio  cuid  TV  receiving  equipment . 

Communication  equipment  

Electronic  components  

Other  electrical  equipment  


Transportation  equipment  

Motor  vehicle^}  and  motor  vehicles  equipment 

Othor  transpoilalion  equipment  

Aircraft  and  missiles  


Professional  and  scientific  instruments  

Scientific  and  mechanical  measuring  instruments 
Optical,  surgical,  photographic,  and  other 

instruments  


35 

4.490 

5,254 

6.124 

7.227 

7.911 

9,312 

10.721 

10.701 

10,577 

11.992 

13.216 

357 

2.958 

D 

3.847 

4.944 

5,634 

7,011 

8.418 

8,380 

8.193 

9.371 

10.533 

351-56,358-59 

1.532 

D 

2.277 

2.283 

2.277 

2,301 

2.303 

2.321 

2.384 

2,621 

2.683 

36 

4,515 

5.431 

6.409 

6,682 

8,158 

9.037 

9.271 

9.767 

10,449 

10.872 

1 1 ,546 

365 

192 

346 

358 

364 

324 

362 

350 

133 

139 

139 

85 

366 

2,049 

2.367 

2.975 

3.555 

4,500 

5.147 

5.174 

5,117 

5,455 

5.675 

5.842 

367 

D 

1.165 

1.212 

1.342 

1.810 

2.354 

2,826 

3,357 

3.630 

3.879 

4.362 

361-64,369 

D 

1,553 

1.864 

1.421 

1.524 

1.174 

921 

1,160 

1,225 

1,179 

1,257 

37 

D 

6.958 

7.739 

8.621 

8,991 

10.406 

12,092 

13.567 

13.462 

14,162 

15.100 

371 

3.780 

4.300 

4.219 

4.321 

4.754 

5.384 

6.164 

7.171 

7,167 

7.769 

8,726 

373-75.379 

D 

D 

80 

114 

227 

258 

279 

330 

356 

370 

354 

372.376 

2.201 

2,570 

3.440 

4.186 

4.010 

4.764 

5.649 

6.066 

5,939 

6.023 

6,020 

38 

2.012 

2.456 

2.978 

3.407 

3.816 

4.211 

4.622 

4.752 

4.950 

5.306 

5.638 

381-82 

747 

1.001 

1.235 

1.363 

1,605 

1.671 

1,596 

1.521 

1,598 

1,710 

1,858 

383-87 

1.265 

1.454 

1.743 

2.044 

2.211 

2,540 

3.026 

3.231 

3.352 

3.596 

3.780 

ERIC 


Distribution  by  size  of  company 

Less  than  50U  

500  -  999   

1  000  -  4  999   

5000  -  9.999   

lOOOO  -  24.999  

25.000  or  more  


1 .375 

1,711 

1.880 

2.411 

3.781 

3.781 

5.127 

6.203 

6.200 

S 

S 

D 

D 

D 

D 

D 

1.341 

1.531 

1.765 

1.610 

1.517 

1.613 

1.893 

2.257 

2.58G 

3,241 

3.438 

4.618 

5.249 

6,243 

6.281 

6.441 

6.730 

1.463 

1.596 

2.369 

2.224 

2.080 

2.764 

3.350 

3,455 

3.753 

4.322 

4.662 

4.012 

4.867 

5,537 

6.448 

7.228 

8.546 

8  366 

8.489 

9.681 

9.668 

9.187 

16.965 

20.045 

23,056 

25.781 

28,061 

30,354 

33.421 

33.778 

33,878 

37.249 

41.535 

5 


> 

a. 
x' 
> 
> 

*D 

(0 
T) 

g. 
x" 
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Appendix  table  6-18. 

Company  and  other  (except  Federal)  funds  for  industrial  R&D  performance,  by  industry  and  size  of  company:  1979-89 

(page  2  of  3) 


Industry  and  company  size 


SIC  code 


1979      1980  1981 


1982 


1983 


1984  1985 


1986 


1987      1988  1989 


TOTAL  

High-technology  manufacturing  industries . 

Other  manufacturing  industries  

Nonmanufacturing  industries  


Distribution  by  manufacturing  industry 

Chemicals  and  allied  products  

Industrial  chemicals  

Drugs  and  medicines  

Other  chemicals  

Petroleum  refining  and  extraction  

Rubber  prod'.ctb  

Stone,  clay,  and  glass  products  

Primary  metals  

Fabricated  metal  products  

Machinery  

Office,  computing,  and  accounting  machines.  .  .  . 
Other  machinery,  except  electrical  

Eleclncal  equipment  

Radio  and  TV  receiving  equipment  

Communication  equipment  

Electronic  components  

Other  electrical  equipment  

Transportation  equipment  

Motor  vehicles  and  motor  vehicles  equipment  .  .  . 

Other  transportation  equipment  

Aircraft  and  missiles  

Professional  and  scientific  instruments  

Scientific  and  mechanical  measuring  instruments 

Optical,  surgical,  photographic,  and  other 

instruments   . 

Distribution  by  size  of  company 

Less  than  500   

500-999   

1.000  -  4.>)09  

rrOOO- 9.999  


All  32,720     35,553  37,705 

28,36.372,376,38  1 1 ,109     12.1 99    1 3,652 

Other  mfg  SICs  20,518     22,144  22,938 

10-11,14-17,40-  1,093       1,210  1,115 
42,44-51,53-54, 
56.60,62-63.72- 
73,78.806-07,87 


Millions  of  constant  1 982  dollars^' 

40,105    42,931     47,716    51,413  52,655  52.289  54,053  55.604 

14.275    15,390     16,720    17,613  18.086  18,171  18.298  18,371 

24.358    25,534     27,977    29,833  30,405  29,738  31.338  32,834 

1,472     2.007      3,019     3,967  4,164  4,380  4,418  4,399 


28 

4,699 

4,974 

5.540 

6,197 

6.540 

7,181 

7,490 

7,612 

8,043 

8,714 

9,064 

281-82,286 

2,058 

2.165 

2.547 

2.810 

2.723 

2,838 

2,957 

2,964 

3,007 

3.101 

3,145 

283 

D 

D 

2,197 

2,473 

2,788 

3.072 

3J37 

3,213 

3,487 

3,909 

4,122 

284-85,287-89 

D 

762 

795 

914 

1 ,028 

1  ,d7\ 

H  one 

1 ,4o0 

1 .  /u** 

1  7QP 

13,29 

1.411 

1.634 

1.894 

2.003 

1,99/ 

2,084 

1.977 

1.732 

1.604 

1.585 

1.623 

30 

D 

D 

636 

617 

614 

623 

594 

575 

508 

523 

538 

32 

D 

D 

437 

472 

564 

654 

744 

827 

839 

681 

682 

03 

686 

693 

747 

711 

675 

634 

658 

691 

605 

529 

581 

34 

527 

584 

580 

565 

610 

718 

703 

703 

539 

566 

517 

35 

5,715 

6,129 

6,518 

7.227 

7.617 

8.644 

9,663 

9.402 

9,007 

9,884 

10.463 

357 

3,765 

D 

4,094 

4,y44 

5.425 

b.bOo 

/  ,00/ 

"7  ICI 
/,ODO 

7  70/1 

o.ooy 

351-56,358-59 

1,950 

D 

2,423 

2.283 

2,192 

2.136 

2,076 

2.039 

2,030 

2,160 

2,124 

36 

5,746 

6,336 

6,821 

6,682 

7.855 

8,389 

8,356 

8,581 

8.898 

8.961 

9,141 

365 

244 

404 

381 

364 

312 

336 

315 

117 

118 

115 

67 

366 

2,608 

2,761 

3.166 

3.555 

4.333 

4,778 

4,663 

4,496 

4.645 

4,677 

4.625 

367 

D 

1,359 

1,290 

1.342 

1,743 

2.185 

2,547 

2.949 

3,091 

3,197 

3,453 

361-64,369 

D 

1,812 

1,984 

1,421 

1,467 

1,090 

830 

1,019 

1,043 

972 

995 

37 

D 

8.117 

8.236 

8,621 

8.657 

9.659 

10.899 

11,920 

11.464 

1 1 .672 

11.955 

371 

4,811 

5,016 

4,490 

4.321 

4,577 

4,998 

5.556 

6,300 

6,103 

6.403 

6,908 

373-75,379 

D 

D 

85 

114 

219 

239 

251 

290 

303 

305 

280 

372,376 

2.801 

2.998 

3.661 

4.186 

3.861 

4.422 

5.091 

5.329 

5.057 

4.964 

4.766 

38 

2,561 

2.865 

3.169 

3.407 

3.674 

3.909 

4.166 

4,175 

4.215 

4.373 

4,464 

381-82 

951 

1,168 

1,314 

1.363 

1,545 

1,551 

1,438 

1,336 

1,361 

1.409 

1.471 

383-87 

1,610 

1,696 

1,855 

2,044 

2.129 

2.358 

2,727 

2,839 

2,854 

2.964 

2,993 

1.750 

1,996 

2.001 

2.411 

3.640 

3.510 

4.621 

5.450 

5.280 

S 

S 

D 

D 

D 

D 

D 

1.245 

1.380 

1.551 

1.371 

1.250 

1 .27/ 

2.409 

2.633 

2.752 

3.241 

3.310 

4.287 

4,731 

5.485 

5.349 

5.309 

5.328 

1.862 

1,862 

2,521 

2,224 

2.003 

2.^^66 

3.019 

3.035 

3.196 

3,562 

3,691 

(continued) 
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Appendix  table  6-18. 

Company  and  other  (except  Federal)  funds  for  industrial  R&D  performance,  by  industry  and  size  of  company:  1979-89 

(page  3  of  3) 


Industry  and  company  size 


SIC  code 


1979 


1980 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


1988 


1989 


10.000-24,999 
25.000  or  more. 


5  106  5.678  5,893  6.448  6.959  7,933  7,540  7.458  8.244  7.968  7.273 
21,592     23,384    24.538     25,781    27,018     28,176    30,123    29,677    28.850    30,701  32.883 


D  =  withheld  to  avoid  disclosing  operations  of  individual  companies 
S  =  withheld  because  of  imputation  of  more  than  50  percent 

NOTE:  Company  funds  include  all  funds  for  industrial  R&D  work  performed  within  company  facilities  from  all  sources  except  the  Federal  Government.  The  sources  of  funds  may  comprise  those  from  outside  organizations 
such  as  research  institutions,  universities  and  colleges,  other  nonprofit  organizatir  -3.  other  companies,  and  state  governments,  as  well  as  companies'  own.  Company-financed  R&D  not  performed  within  the  company  is 
excluded 

Distribution  is  based  on  number  of  employees. 

See  appendix  table  4-1  for  GNP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1982  dollars. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  Selected  Data  on  Researcn  and  Development  in  Industry:  1989,  NSF  91  -302(Washinglon,  DC :  NSF,  1991 ). 


See  figure  6-14. 


Science  &  Engineering  Indicators  -  1991 
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Appendix  table  6-19. 

Share  of  R&D  funding  provided  by  the  Federal  Government  In  selected  industries:  1979-89 

(page  1  of  2) 


Industry  and  company  size 


SIC  code 


TOTAL  

High-technology  manufacturing  industries 

Other  manufacturing  industries  

Nonmanufacturing  industries  


Distribution  by  manufacturing  Industry 

Chemicals  and  allied  products  

Industrial  chemicals  

Drugs  and  medicines  

Other  chemicals  

Petroleum  refining  and  extraction  

Rubber  products  

Stone,  clay,  and  glass  products  

Primary  metals  

Fabricated  metal  products  

Machinery  

Office,  computing,  and  accounting  machines  .  . 
Other  machinery,  except  electrical  

Electrical  equipment  

Radio  and  TV  receiving  equipment  

Communication  equipment  

Electronic  components  

Other  electrical  equipment  

Transportation  equipment  

Motor  vehicles  and  motor  vehicles  equipment.  . 

Other  transportation  equipment  

Aircraft  and  missiles  

Professional  and  scientific  instruments  

Scientific  &  mechanical  measuring  instruments. 
Optical,  surgical,  photographic,  and  other 
instruments  


All 

28,36,372,276,38 
Other  mfg  SiCs 
10-11,14-17,40- 
42,44-51,53-54, 
56,60,62-63,72- 
73.78,806-07,87 


1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

—  Percent 

32.7 

31.5 

31.6 

31.6 

31.7 

31.3 

32.3 

31.8 

33.4 

33.0 

30.9 

44.6 

43.5 

42.8 

43.0 

42.4 

43.0 

44.5 

41.5 

44.2 

43.8 

42.0 

12.9 

11.6 

11.0 

10.4 

11.9 

9.4 

9.2 

14.7 

12.6 

12.7 

10.7 

44.2 

42.9 

45.0 

40.5 

37.5 

33.7 

34.5 

36.3 

34.4 

33.9 

32.8 

28 

8.6 

8.0 

7.5 

6.2 

5.5 

24 

2.7 

2.0 

2.0 

1.8 

0.8 

281-82,286 

17.6 

15.5 

14.6 

12.4 

12.0 

5.6 

6.2 

5.0 

5.0 

5.0 

2.1 

283 

D 

D 

D 

D 

D 

D 

D 

0.0 

D 

0.1 

D 

284-85,287-89 

D 

D 

D 

D 

□ 

□ 

U 

n 
u 

n 

n 

n 

13.29 

12.1 

9.7 

D 

D 

D 

D 

D 

D 

0.7 

1.1 

D 

30 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

32 

D 

D 

D 

D 

D 

D 

D 

0.9 

1.0 

D 

D 

33 

15.0 

18.5 

20.0 

28.0 

35.4 

U 

U 

n 
u 

A  A 

34 

9.0 

8.9 

12.8 

9.6 

9.6 

8.2 

5.9 

10.6 

19.2 

17.1 

17.1 

35 

6.9 

11.0 

10.2 

10.5 

11 .0 

n 
u 

n 

n 

357 

8.0 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

351-56,358-59 

4.9 

D 

D 

D 

D 

D 

D 

3.1 

1.8 

3.6 

3.8 

36 

42.3 

40.8 

38.0 

38.8 

35.7 

34.4 

35.8 

34.8 

34.1 

33.1 

31.1 

365 

21.6 

37.8 

D 

D 

D 

D 

D 

D 

D 

D 

D 

366 

43.6 

41.2 

37.5 

39.1 

38.3 

40.7 

44.9 

47.1 

46.4 

44.9 

44.4 

367 

D 

24.7 

22.9 

22.9 

16.6 

16.8 

16.5 

D 

15.3 

15.8 

10.7 

361-64,369 

D 

49.0 

D 

D 

D 

D 

D 

D 

1.1 

1.8 

2.6 

37 

D 

D 

D 

D 

D 

D 

D 

56.6 

60.7 

61.0 

59.0 

371 

16.2 

13.2 

12.2 

9.9 

10.6 

11.1 

11.7 

D 

D 

D 

D 

373-75.379 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

372.376 

72.6 

72.1 

71.3 

71.0 

74.0 

74.7 

74.6 

71.2 

75.7 

76.7 

76.5 

38 

19.7 

18.9 

17.6 

13.3 

10.5 

8.5 

7.8 

6.9 

5.2 

2.2 

2.2 

381-82 

21.4 

25.9 

D 

D 

D 

D 

0 

D 

D 

D 

D 

383-87 

18.6 

13.3 

D 

D 

D 

D 

D 

D 

D 

2.6 

3.0 

(continued) 
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Appendix  table  6-19. 

Share  of  R&D  funding  provided  by  the  Federal  Government  in  selected  industries:  1979-89 

(page  2  of  2) 


SIC  code  1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Percent 

Distribution  by  size  of  company' 

  22.1 

17.1 

18.4 

17.8 

14.5 

14.1 

12.6 

12.3 

13.4 

D 

12.6 

  D 

D 

D 

D 

D 

6.8 

7.1 

7.2 

6.7 

8.4 

6.1 

16.4 

17.9 

16.1 

17.7 

16.3 

15.9 

16.4 

13.5 

15.2 

14.2 

5,000  9,999   

  13.5 

21.3 

20.7 

19.2 

25.7 

15.0 

16.7 

18.7 

16.6 

17.5 

14.8 

10,000-24.999   

  22.7 

19.1 

18.1 

18.8 

23.9 

24.7 

24.7 

19.1 

19.6 

15.7 

11.9 

  37.4 

36.8 

37,0 

37.4 

36.8 

37.8 

39.6 

40.7 

43.0 

42.4 

39.5 

D   Withheld  to  avoid  disclosing  operations  of  individual  companies 
Dislftbulion  IS  based  on  number  of  employees. 

SOURCE  Science  Resources  Studies  Division.  National  Science  Foundation,  Selected  Data  on  Research  and  Developmeu.  in  Industry:  1989,  NSF  91 -302  (Washington.  DC:NSF,  1991). 

See  figure  6-1  b  Science  &  Engineering  Indicators  -  1991 


Appendix  table  6-20.  ^  ^ 

Company-flnanced  R&D  performed  outside  the  United  States  by  U.S.  domestic  companies  and  their  foreign  subsidiaries:  1979-89 


SIC  code 


ALL  INDUSTRIES   All 

Chemicals  and  allied  products   28 

Drugs  and  medicines   283 

Stone,  clay,  and  glass  products   32 

Primary  metals   33 

Fabricated  metal  products   34 

Ma/;hinery   35 

Electrical  equipment   36 

Communication  equipment   366 

Electronic  components   367 

Transportation  equipment   37 

Aircraft  and  missiles   372,376 

Professional  and  scientific  instruments   38 

Nonmanufacturing   10-11,14-17.40- 

42,44-51,53-54. 
56,60,62-63.72- 
73.78,806-07,87 


979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Percent 

9  7 

9.4 

8.7 

7.2 

6.8 

6.6 

6.0 

7.2 

7.8 

8.8 

8,5 

1 1  d 

12,4 

12.1 

9.9 

9.7 

9.2 

9,2 

11.0 

11.6 

12,4 

10.1 

D 

D 

17.2 

12.8 

11.1 

10,8 

10.3 

11,9 

13.1 

13.2 

13.5 

D 

D 

4.2 

2.1 

3,1 

7,8 

D 

D 

D 

D 

D 

1.8 

1.3 

1.3 

1.4 

1.3 

D 

D 

2.5 

3.6 

3.0 

D 

D 

5.2 

4,2 

3,5 

2.6 

2,6 

3.1 

5.9 

D 

D 

10.6 

10.2 

9,1 

6.4 

6.8 

7.4 

6.0 

8,2 

10,4 

10,2 

9,9 

9.0 

IJ 

6,9 

6.5 

5.6 

5.6 

6.0 

S 

4.0 

5.8 

5.1 

D 

D 

D 

D 

D 

D 

D 

D 

3,3 

5.6 

4.5 

D 

2.4 

3.2 

2,8 

0,0 

3.8 

4.0 

4,3 

5,3 

6.7 

5.3 

D 

12.8 

10.3 

8.9 

8.9 

8.0 

7.8 

D 

D 

11,3 

12.2 

D 

D 

D 

D 

D 

D 

D 

2,9 

3,8 

5.2 

9.2 

1,2 

7.0 

7.2 

6.5 

D 

5.9 

3.5 

4.3 

6,0 

6.9 

7.3 

0.6 

0.7 

0,8 

0.5 

0,5 

0.2 

0.4 

0.6 

1.2 

1.7 

1.6 

D  .  withheld  to  rivoid  disclosing  operations  of  individual  companies 
S    withhold  because  of  imputation  of  more  than  50  percent 

SOUr^CE  Science  Resources  Sciences  Division.  National  Science  Foundation,  Selected  Data  on  Research  and  Development  in  Industry:  1989.  NSF  91-302  (Washington.  DC:  NSF,  1991) 
See  figure  (3-16. 
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Appendix  table  6-21. 

U.S.  patents  granted,  by  nationality  of  inventor  and  year  of  grant:  1963-90 


Total 

1963-76 

1977 

1978 

1979 

1980 

1981  • 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

TrxT  Ai 

y^'^iO  /  D 

U  1  ,o  1  u 

RR  7RR 

R7  flflP 

RR  RRR 

67,186 

71,649 

82  860 

77,799 

95,262 

89,982 

1,227,516 

674,289 

41,480 

41.251 

30,076 

37,351 

39.221 

33,891 

32,867 

38,354 

39.549 

38,078 

43,462 

40,416 

50,036 

47,195 

882,489 

486,886 

29,561 

29,418 

21,143 

25,963 

27,621 

24.081 

24,037 

27,997 

28,943 

27,305 

31,267 

29,267 

35.717 

33,283 

38,244 

23,268 

1,484 

1,233 

961 

1,232 

1,116 

1,003 

1,044 

1.229 

1.125 

1,013 

973 

728 

865 

970 

300,270 

161,580 

10,249 

10,399 

7,803 

9,939 

10,240 

8,538 

7,558 

8,881 

9.245 

9,453 

10,853 

10,066 

12,989 

12.477 

6,513 

2.555 

186 

201 

169 

217 

244 

269 

228 

247 

236 

307 

369 

355 

465 

465 

Foreign  origin  

675,400 

250.587 

23.783 

24.847 

18.774 

24,459 

26,545 

23,991 

23,988 

28,832 

32,100 

32,700 

39,398 

37,383 

45,226 

42,787 

U.S.  owned  

53.798 

25.013 

1.968 

1.962 

1.364 

1,694 

1,839 

1,715 

1,658 

2,029 

2,268 

2,166 

2,442 

2,146 

2,848 

2.686 

Foreign  owned  

621,602 

225.574 

21,815 

22,885 

17,410 

22.765 

24,706 

22,276 

22,330 

26,803 

29,832 

30,534 

36,956 

35,237 

42,378 

40,101 

Foreign  corporations  

512.515 

175,152 

17,880 

18,873 

14,446 

18,662 

20,546 

18,587 

19,020 

22,988 

25,716 

26,223 

31 ,977 

30,575 

36,937 

34,933 

Foreign  governments  

7.667 

2.553 

215 

249 

186 

253 

249 

369 

336 

438 

482 

All 

551 

453 

443 

413 

Foreign  individuals  

101.420 

47.869 

3,720 

3.763 

2,778 

3,850 

3,911 

3,320 

2,974 

3,377 

3.634 

3,834 

4.428 

4,209 

4,998 

4,755 

Foreign  origin  

675,400 

250.587 

23.783 

24.847 

18.774 

24.459 

26,545 

23,991 

23,988 

28,832 

32.100 

32,700 

39,398 

37,383 

45,226 

42,787 

European  Community  

337.183 

149.763 

12.316 

12.646 

9,538 

12,198 

12,934 

11,346 

10,937 

12,729 

13,826 

13.877 

16,246 

15,080 

17,684 

16.063 

Japan   

203.580 

43.481 

6,217 

6.910 

5,250 

7,124 

8,387 

8,149 

8.792 

11,109 

12,743 

13,198 

16,539 

16.137 

20,100 

19,444 

West  Germany  

152.706 

63.310 

5.537 

5,850 

4.527 

5.745 

6.250 

5,408 

5,423 

6,254 

6.665 

6,795 

7,815 

7,300 

8,286 

7,541 

United  Kingdom  

73,534 

38,901 

2.654 

2.722 

1.910 

2,406 

2,475 

2,134 

1,931 

2,271 

2,495 

2,408 

2,777 

2.581 

3.091 

2,778 

57.500 

25.094 

2.108 

2.119 

1,604 

2,088 

2.181 

1,975 

1,895 

2,162 

2.398 

2,365 

2.868 

2.655 

3,134 

2,854 

Switzerland  

32.935 

14.679 

1.219 

1.226 

862 

1.081 

1.135 

990 

1,000 

1,206 

1,340 

1,311 

1,593 

1.488 

1.957 

1,848 

Canada   

32.628 

15.388 

1.346 

1,330 

1,025 

1,265 

1,239 

1,147 

1,017 

1,174 

1,233 

1,208 

1,373 

1.244 

1,358 

1,281 

20.835 

8.179 

756 

725 

596 

805 

883 

752 

625 

794 

919 

995 

1,183 

1,075 

1,291 

1,257 

Italy  

20.422 

9.500 

862 

826 

573 

822 

766 

685 

623 

701 

857 

883 

948 

776 

834 

766 

Tfie  Netherlands  

18.283 

7.902 

708 

659 

525 

654 

641 

618 

626 

726 

766 

721 

921 

805 

1,060 

951 

6.869 

3.242 

255 

264 

HOC 

loo 

9Q4 

357 

312 

USSR  

6.580 

3.128 

394 

412 

354 

460 

P73 

209 

222 

214 

147 

116 

121 

96 

160 

174 

1,909 

505 

80 

66 

63 

87 

98 

112 

106 

111 

108 

131 

127 

94 

129 

92 

East  Germany  

690 

53 

26 

24 

19 

35 

52 

59 

54 

68 

53 

53 

64 

46 

50 

34 

3.072 

52 

52 

29 

38 

65 

80 

88 

65 

98 

174 

208 

343 

457 

592 

731 

South  Korea  

807 

51 

5 

12 

4 

8 

15 

14 

26 

29 

39 

45 

84 

95 

157 

224 

Hong  Kong  

527 

139 

9 

21 

13 

27 

33 

18 

14 

24 

25 

30 

34 

41 

47 

52 

SOUnci:  Patent  and  Trademark  Olficc.  Patenting  Trends  in  the  United  States.  1963-1989  {VJas\\mg\on,  DC:  August  1990). 
See  figures  6-17.  6-18.  and  6-19.  and  figure  0-21  in  Overview. 
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Appendix  table  6-22. 

U.S.  patents  granted,  by  nationality  of  inventor  and  year  of  a'^rlication:  1963-90 


1987      1988     1989  1990 

Total    1963-75      1976      1977      1978      1979     1980      1981      1982      1983      1984      1985  1986     (est.)     (est.)    (est.)  (est.) 


TOTAL   1,938.213  970.998  65.770  65,938  65.567  65,658  66,410  63.755  64,787  61.164  66.254  69,796  71,859  75.825  80.009  84,424  89.083 

U.S.  origin    1.235,891  702.113  41,615  40.811  39.618  38.951  38,887  36.720  36.434  34,252  35.778  36.719  37.017  37.987  38,983  40,005  41.054 

US  corporations  owned.  .  889,561  507,214  29,130  28.504  27.721  27.320  27,624  26.740  27.018  25.336  26.155  26.806  26.754  27,244  27.743  28.251  28.769 

US  Government  owned.  .  37,849    24,520  1,347  1,181  1,203  1.089  1,140  1.173  1.203  986  913  833  676  596  526      463  409 

U  S  individuals  owned    ..  302,391  167,706  10.943  10.901  10.464  10.281  9.845  8,553  7,962  7,680  8.418  8,780  9.273  9.874  10.515  11.196  11.922 

Foreign  owned   6.622     2.673  195  225  230  261  278  254  251  250  292  300  314  339  366      394  426 

Foreign  origin  702,323  268,885  24,155  25,127  25.949  26.707  27,523  27.035  28.353  26,912  30.476  33,077  34,842  37.837  41.026  44,419  48,029 

US  owned  54,409    26.461  1,830  1.862  1,847  1,861  1,986  1,878  2.013  1.953  2,067  2.050  2.082  2,127  2,173    2,220  2,267 

Foreign  owned  649,291  242,424  22,325  23,265  24.102  24.846  25,537  25,157  26,340  24,959  28.409  31,027  32.760  35,869  39.272  42,999  47.080 

Foreign  corporations  .  .  536,895  189,140  18,232  19.135  19.801  20,468  21.447  21,424  22.845  21.564  24.448  27.023  28,444  31.194  34,211  37.519  41.147 

Foreign  governments  .  .  8,070     2.728  238  265  283  270  411  384  428  407  456  425  431  439  448      456  465 

Foreign  individuals.  .  .  .  104.374    50,556  3.855  3.865  4.018  4.108  3.679  3,349  3.067  2,988  3.505  3.579  3.8C5  4.240  4,628    5.051  5.513 

Foreign  origin  702,323  268,885  24.155  25,127  25.949  26.707  27,523  27.035  28.353  26.912  30.476  33.077  34.842  37.837  41.026  44.419  48.029 

European  Community  349,096  159,469  12.242  12.685  13,041  12,922  12,933  12,195  12,295  11,551  12,982  13,611  14.201  15,213  16.297  17,459  18.703 

Japan  216  252    48,271  6.576  7,078  7,475  8.414  9.557  10.009  11,300  10,734  12,316  14,099  14,856  16,556  18.450  20.561  22.913 

West  Germany  159  135   67.655  5,572  5,969  6,190  6.135  6.176  6.050  5.983  5.473  6,208  6,694  6.889  7,438  8,031    8.671  9,363 

United  Kingdom .  74,767   41,056  2,620  2,636  2,524  2.497  2.371  2.197  2.203  2.143  2.336  2.354  2.347  2,419  2.494    2,570  2,650 

Francp  59.450    26,726  2.128  2.099  2,272  2,223  2.301  2.072  2.125  2.068  2.224  2,317  2.481  2,636  2,801    2,976  3,163 

Switzerland  33.678    16,460  1,321  1.319  1,358  1,236  1,261  1.131  1.121  1,040  1.131  1,130  1,201  1.260  1,322    1,387  1.455 

C,-,nada  33.285    15.387  1.206  1.228  1.172  1.210  1.124  1,157  1,107  1,088  1.284  1.281  1.351  1.452  1.561     1.678  1.803 

Swt-den  20,858    10,133  856  843  805  824  748  689  671  739  804  778  741  742  742      743  744 

It.jly  22.196     8.736  747  766  808  918  856  715  798  722  939  932  1,069  1.218  1,389    1.583  1.804 

TUc  Netherlands  18,635     8,444  655  704  709  649  717  670  702  642  715  747  755  797  841       888  937 

Belgium  7,268     3.479  241  230  267  239  246  231  213  214  238  253  298  333  372      4^5  463 

USSR  6.521      3,427  427  449  466  367  246  251  182  115  95  94  105  102  99        96  93 

Hungary  1,969       576  77  84  74  103  123  122  112  105  116  104  97  94  92        90  87 

t  ast  Germany  784         77  19  33  30  60  63  67  62  38  56  48  50  55  60        66  72 

TiMwan  3  750         81  44  36  68  85  99  65  118  116  158  250  349  504  727    1,050  1,516 

Soutt.  Korea  801         56  8  8  8  17  17  22  36  37  33  69  80  103  134       173  224 

Hone,  Kong  574       147  13  28  27  21  28  14  24  ?2  22  24  38  46  55        66  79 


S(;UH(;t;  \\\\o.n\  and  rra<i«rnark  Otfice  Patenting  Trends  in  the  United  States.  1963- 1989  (Washington,  DC:  August  1990). 
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Appendix  table  6-23. 

Patent  classes  most  and  least  emphasized  by  U.S.  corporations  patenting  In  the  United  States:  1980  and  1989 

Class  Activity  index  

Patent  class    number  1980  1989 

Most  emphasized  classes 

Mineral  oils:  processes  and  products   208  1  775  1.919 

Chemistry,  hydrocarbons   585  1  748  1 .896 

Wells   ^66  1.692  1.857 

Chemistry,  lignins  or  reaction  products  thereof   530  1.181  1 .604 

Catalyst,  solid  sorbent.  or  support  therefor,  product   502  1 .520  1 .539 

Communications,  electrical:  Acoustic  wave  system  and  devices   367  0.91 1  1.485 

Communication,  directive  radio  wave  systems  &  devices   342  0.991  1  -482 

Chemistry:  Analytical  and  immunological  testing   436  1 .432  '» .469 

Part  of  the  class  520  series— synth.  resins  or  natural  rubber   525  1 .364  1 .468 

Electrical  connectors   ^39  1.623  1.455 


Chemistry:  Molecular  biology  and  microbiology   435  1 .090  1 .438 

Induced  nuclear  reaction,  systems  and  elements   376  0.91 0  1 .374 

Chemistry,  electrical  current  producing  apparatus,  prod.  &  proc   429  1 .300  1 .372 

Semiconductor  device  manufacturing:  Process   437  1 .554  1 .342 

Electricity,  conductors  and  insulators   '1 74  1 .295  1 .335 


Photocopying   ^55 


Beds. 


Error  detection/correction  and  fault  detection/recovery   371  1.318  1.326 

Drug,  bio-affecting  and  body  treating  compositions   424  0.920  1 .324 

Part  of  the  class  520  series— synth.  resins  or  natural  rubber   521  1.217  1 .322 

Amplifiers   330  1.231  1.321 

Part  of  the  class  520  series— synth.  resins  or  natural  rubber..   524  1 .291  1 .293 

Least  em(i  ^asized  classes 

Fishing,  trapping  and  vermin  destroying   ^3  0.328  0.360 

Dynamic  information  storage  or  retrieval   369  0.760  0.368 

Baths,  closets,  sinks  and  spittoons   ^  0-617  0.467 

Fluid:  Pressure  brake  and  analogous  systems   303  0.61 9  0.481 

Photography   354  0.526  0.484 


0,932  0.487 

Ships     11^  0.514  0.497 

Land  vehicies 


  280  0.555  0.508 

Amusement  devices,  games   273  0.436  0.509 

Motor  vehicles   180  0.794  0.515 

Internal-combustion  engines   1 23  0.49 1  0. 555 

Amusement  and  exercising  devices   272  0.31 2  0.568 

Package  and  article  carriers   224  0.333  0.583 

Optics,  eye  examining,  vision  testing  and  correcting   351  0.952  0.606 


0.631  0.611 


0.582  0.614 


Animal  husbandry  

Pictorial  communication;  television   358                  0.962              0  619 

Endless  belt  power  transmission  systems  and  components   474                 0.766  0.625 

Typewriting  machines   ^00                  1.145  0.626 

Bleaching  and  dyeing;  Fluid  treatment  and  chem.  modification   8  0.612  0.629  

NOTES'  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  U.S.  inventors,  divided  by  the  percentage  of  all  patents  that  have  U.S. 
inventors  in  that  year.  Listing  is  limited  to  U.S.  Patent  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1 989. 

SOURCE:  Office  of  Information  Systems,  TAF  Program.  Patent  and  Trademark  Office.  "Country  Activity  Index  Report.  Corporate  Patenting  1989.  '  report  prepared 
for  the  National  Science  Foundation  (Washington.  DC;  October  1990). 
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Appendix  table  6-24. 

Patent  classes  most  and  least  emphasized  by  Japanese  inventors  patenting  in  the  United  States:  1980  and  1989 

Class  Activity  index 

Patent  class  number  1980  1989 
Most  emphasized  classes 

Photocopying   355  2.776  3.581 

Photography   354  4.606  3.324 

Dynamic  Information  storage  or  retrieval   369  3.372  3.320 

Dynamic  magnetic  Information  storage  or  retrieval   360  3.235  2.966 

Radiation  imagery  chemistry— process,  composition  or  products   430  3.332  2.760 

Pictoral  communication;  television   358  2.587  2.744 

Typewriting  machines   400  1.388  2.622 

Static  information  storage  and  retrieval   365  1 .236  2.458 

Recorders   346  2.170  2.406 

Motor  vehicles   180  1.091  2.246 

Image  analysis   382  2.082  2.059 

Internal-combustion  engines   123  3.106  1.941 

Active  solid  state  devices,  e.g..  transistors,  solid  st.  diodes   357  2.061  1 .939 

Registers   235  1.122  1.749 

Coherent  light  generators   372  0.349  1.737 

Compositions:  Ceramic   501  2.297  1.698 

Metal  treatment   148  2.568  1.690 

Electricity,  motive  power  systems   318  1 .746  1 .675 

Clutches  and  power-stop  control   192  1.614  1.671 

Endless  belt  power  transmission  systems  and  components   474  2.255  1 .645 

Least  emphasized  classes 

Wells   166  0.000  0.000 

Boring  or  penetrating  the  earth   1 75  0.064  0.000 

Apparel   2  0.062  0.035 

Aeronautics   244  0.096  0.035 

Amusement  and  exercising  devices   272  0.193  0.087 

Ammunition  and  explosives   102  0.063  0.088 

Animal  husbandry   119  0.228  0.093 

Locks   70  0.146  0.112 

Ships   114  0.382  0.118 

Baths,  closets,  sinks  and  spittoons   4  0.053  0.137 

Card,  picture  and  sign  exhibiting   40  0.233  0.141 

Package  and  article  carriers   224  0.000  0.144 

Tools   81  0.238  0.147 

Beds   5  0.115  0.165 

Static  structures,  e.g.,  buildings   52  0.091  0.169 

Bottles  and  jars   215  0.378  0.169 

Fishing,  trapping  and  vermin  destroying   43  0.347  0.191 

Prothesis  (I.e..  artificial  body  members),  parts  or  aids   623  0.446  0.206 

Mineral  oils:  Processes  and  products   208  0.505  0.249 

Chemistry:  Analytical  and  Innmunological  testing   436  0.587  0.250 

NOTES:  The  activity  index  is  the  percentage  of  the  patents  In  a  class  that  are  granted  to  Japanese  inventors,  divided  by  the  percentage  of  all  patents  that  have 
Japanese  inventors  in  that  year.  Listing  is  limited  to  U.S.  Patent  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1989. 

SOURCE:  Office  of  Information  Systems.  TAF  Program.  Patent  and  Trademark  Office,  "Country  Activity  Index  Report.  Corporate  Patenting  1989."  report  prepared 
for  the  National  Science  Foundation  (Washington,  DC:  October  1990). 
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Appendix  A.  Appendix  Tables 


Appendix  table  6-25. 

Patent  classes  most  and  least  emphasized  by  West  German  inventors  patenting  in  the  United  States:  1980  and  1989 

Class  Activity  index 

Patent  class  number  1980  1989 

Most  emphasized  classes 

Fluid-pressure  brake  and  analogous  systems   303  2.329  4.655 

Bleaching  and  dyeing;  Fluid  treatment  and  chem.  modification   8  3.510  2.919 

Ammunition  and  explosives   102  1 .248  2.895 

Part  of  the  class  532-570  series— organic  compounds   544  1 .455  2.802 

Printing   101  2.068  2.660 

Part  of  the  dass  532-570  series— organic  compounds   560  1 .485  2.582 

Bearing  or  guides   384  2.648  2.507 

X-ray  or  gamma  ray  systems  or  devices   378  2.783  2.391 

Solid  material  comminution  or  disintegration   241  1 .460  2.248 

Part  of  the  class  532-570  series— organic  compounds   568  1 .877  2.222 

Spring  devices   267  1.254  2. 1 83 

Chemistry,  fertilizers   71  1.156  2.176 

Part  of  the  class  520  series— synth.  resins  or  natural  rubber   526  1 .269  2.1 44 

Glass  manufacturing   65  0.793  2.105 

Part  of  the  class  520  series— synth.  resins  or  natural  rubber   528  2.043  2.030 

Part  of  the  class  532-670  series— organic  compounds   548  1 .202  2.0 1 9 

Metal  deforming   72  1.391  1.908 

Part  of  the  class  532-570  series— organic  compounds   r>46  1 .91 9  1 .879 

Part  of  the  class  520  series— synth.  resins  or  natural  rubber   521  2.263  1 .836 

Induced  nuclear  reaction,  systems  and  elements   376  1 .902  1 .81 7 

Least  emphasized  classes 

Amusement  devices,  games   273  0,150  0.018 

Fishing,  trapping  and  vermin  destroying   43  0.000  0.032 

Beds   5  0.076  0.054 

Wells   166  0.096  0.089 

Amusement  and  exercising  devices   272  0.170  0.1 15 

Photocopying   355  1.126  0.116 

Amusement  devices,  toys   446  0.208  0.120 

Animal  husbandry   119  0.181  0.123 

Package  and  article  carriers   224  0.575  0.127 

Apparel   2  0.328  0.231 

Image  analysis   382  0.499  0.239 

Communications,  directive  radio  wave  systems  and  devices   342  0.546  0.263 

Ships   114  0.360  0.266 

Recorders   346  0.911  0.284 

Mineral  oils:  Processes  and  products     208  0.374  0.288 

Surgery   604  0.348  0.312 

Card,  picture  and  sign  exhibiting   40  0.189  0.31 9 

Dynamic  magnetic  information  storage  or  retrieval   360  0.660  0.319 

Coded  data  generation  or  conversion   341  0.793  0.324 

Stoves  and  furnaces   126  0343  0.327 

NOTES:  The  activity  Index  Is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  West  German  Inventors,  divided  by  the  percentage  of  all  patents  that  have 

West  German  inventors  in  that  year.  Listing  is  limited  to  U.S.  Patent  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1989. 
SOURCE:  Office  of  Information  Systems.  TAF  Program,  Patent  and  Trademark  Office,  **Country  Activity  Index  Report.  Corporate  Patenting  1989,"  report  prepared  for 
the  National  Science  Foundation  (Washington,  DC:  October  1990). 
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Patent  classes  most  and  least  emphasized  by  French  inventors  patenting  in  the  United  States:  1980  and  1989 


QlQgg  Activity  index 

Patent  class  number  1980  1989 
Most  emphasized  classes 

Bleaching  and  dyeing:  Fluid  treatment  and  chem.  modification   8  2.195  4794 

Induced  nuclear  reaction,  systems  and  elements   376  1 .621  3.239 

Spring  devices   267  0.935  3.122 

Boring  or  penetrating  the  earth   175  1.520  3.107 

Communication,  electrical;  Acoustic  wave  systems  and  devices   367  1.389  2.914 

Glass  manufacturing   65  1.520  2.479 

Part  of  the  class  532-570  series— organic  compounds   568  1.264  2.469 

Land  vehicles   280  1.159  2.413 

Brakes   188  2.379  2.304 

Part  of  the  class  520  series— -synth.  resins  or  natural  rubber   526  1 .548  2.234 

Part  of  the  class  532-570  series— organic  compounds   562  1 .242  2.281 

l\/lultiplex  communication   370  1.949  2.273 

Pipe  joints  or  couo'.;,  igs   285  1 .243  2.200 

Electricity,  circuit  makers  and  breakers   200  0.646  2.049 

l\/letal  founding   164  2.473  2.026 

Package  making   53  1.242  2.012 

Expanded,  threaded,  headed,  and  driven  fasteners-locked   411  1 .338  1 .958 

Clutches  and  power-stop  control   1 92  2.279  1 .943 

Registers   235  4.118  1.943 

Part  of  the  class  532-570  series— organic  compounds   560  0.591  1 .901 

Drug,  bio-affecting  and  body  treating  compositions   424  1 .753  1 .896 

Least  emphasized  classes 

Photography   354  0.000  0.000 

Package  and  article  carriers   224  0.000  0.000 

Fishing,  trapping  and  vermin  destroying   43  0.390  0.000 

Baths,  closets,  sinks  and  spittoons.   4  0.207  0.000 

Amusement  and  exercising  devices   272  0.000  0.1 12 

Photocopying   355  0.240  0.113 

Land  vehicles,  bodies  and  tops   296  0.644  0.117 

Dynamic  magnetic  information  storage  or  retrieval   360  0.918  0.123 

Radiation  imagery  chemistry — process,  composition  or  product   430  0.317  0.135 

Coherent  light  generators   372  0.548  0.154 

Stoves  and  furnaces   126  0.472  0.160 

Tools   81  0.623  0.164 

Solid  material  comminution  or  disintegration   241  1.089  0.170 

Amusement  devices,  toys   446  0.000  0.177 

Animal  husbandry   119  0.180  0.181 

Amusement  devices,  games   273  0.224  0.210 

Cutlery   30  0.183  0.259 

Apparel   2  0  000  0.272 

Electricity,  conductors  and  insulators   174  0.784  0.284 

Printing   101  1.410  0.285 

Dentistry   433  1.013  0.296 

NOTES:  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  French  inventors,  divided  by  the  percentage  of  all  patents  that  have  French 
inventors  in  that  year.  Listing  is  limited  to  U.S.  Patent  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1989. 

SOURCE:  Office  of  Information  Systems.  TAF  Program.  Patent  and  Trademark  Office,  "Country  Activity  Index  Report.  Corporate  Patenting  1989.  "  report  prepared  for 
the  National  Science  Foundation  (Washington,  DC:  October  1990). 
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Appendix  table  6-27. 

Patent  classes  most  and  least  emphasized  by  British  Inventors  patenting  in  the  United  States:  1980  and  1989 

Class  Activity  index 

Patent  class  number  1980  1989 
Most  emphasized  classes 

Drug,  bio-affecting  and  body  treating  compositions   514  2.756  2.890 

Aeronautics   244  0.775  2.749 

Communications,  directive  radio  wave  systems  and  devices   342  1.342  2.301 

Sheet  feeding  or  delivering   271  0.829  2.279 

Brakes   188  2.288  2.254 

Compositions,  coating  or  plastic   106  2.148  2.139 

Closure  fasteners.  .    292  0.401  2.073 

Dispensing   222  0.852  1.995 

Coded  data  generation  or  conversion   341  0.835  1.917 

Telecommunications   455  0.881  1.912 

Classifying,  separating  and  assorting  solids   209  1 .490  1 .905 

Spring  devices   267  0.000  1.873 

Multiplex  communications   370  1 .148  1 .820 

Pari  of  the  class  532-570  series—organic  compounds   546  0.404  1 .820 

Power  plants   60  2.192  1.801 

Optics,  systems  and  elements   350  1 .660  1 .792 

Glass  manufacturing   65  2.506  1.788 

Communications,  radio  wave  antennas   343  0.409  1.762 

Chemistry,  fertilizers   71  1.539  1.752 

Drug,  bio-affecting  and  body  treating  compositions   424  2.674  1 .725 

Least  emphasized  classes 

Amusement  devices,  toys   446  0.256  0.000 

Dentistry   433  0.278  0.000 

Cleaning  and  liquid  contact  with  solids   1 34  0.481  0.000 

Baths,  closets,  sinks  and  spittoons   4  0.513  0.000 

Fishing,  trapping  and  vermin  destroying   43  0.000  0.086 

Electric  power  conversion  systems   363  1.583  0.128 

Error  detection/correction  and  fault  detection/recovery   371  1.398  0.136 

Amusement  devices,  games   273  0.308  0.146 

Beds   5  0.560  0.149 

Tools   81  0.257  0.152 

Dynamic  information  storage  or  retrieval   369  1 .262  0. 1 59 

Photography   354  0.258  0.168 

Endless  belt  power  transmission  systems  and  components   474  0.000  0. 1 74 

Amusement  and  exercising  devices   272  0.000  0  209 

Winding  and  reeling   242  0.250  0.238 

Part  of  the  class  520  series— synth.  resins  or  natural  rubber   525  0.526  0.260 

Dynamic  magnetic  information  storage  or  retrieval   360  0.216  0.265 

Static  information  storage  and  retrieval   365  1 .002  0.286 

Chairs  and  seats   297  1.032  0.303 

Supports   248  0.545  0.315 

NOTES:  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  British  inventors,  divided  by  the  percentage  of  all  patents  that  have  British 
inventors  in  that  year.  Listing  is  limited  to  U.S.  Patent  Office  classes  that  received  at  least  200  patents  from  all  countries  in  198^ 

SOURCE:  Office  of  Information  Systems.  TAF  Program.  Patent  and  Trademark  Office.  "County  Activity  Index  Report.  Corporate  Patenting  1989."  report  prepared 
for  the  National  Science  Foundation  (Washington.  DC:  October  1990). 
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Appendix  table  6-28. 

Patent  classes  most  emphasized  by  inventors  from  Taiwan  patenting  in  the  United  States:  1980  and  1989 


Patent  class 


Locks   

Telephonic  communications  

Cutlery  

Image  analysis  

Valves  and  valve  actuation  

Semiconductor  device  manufacturing  process  

Illumination  

Part  of  the  class  532-570  series— organic  compounds. 

Chairs  and  seats  

Closure  fasteners  


Part  of  the  class  532-570  series— organic  compounds. 

Baths,  closets,  sinks  and  spittoons  

Amusement  devices,  toys  

Internal-combustlon  engines   

Optics,  eye  examining,  vision  testing  and  correcting  .  . 


Miscellaneous  hardware . 

Tools  

Receptacles  

Bearing  or  guides  

Cutting  


Electricity,  conductors  and  insulators  

Electric  lamp  and  discharge  devices,  systems 

Ships  

Registers  

Abrading  


Amusement  and  exercising  devices . 

Metal  treatment  

Pulse  or  digital  communications  .  .  . 

Package  making  

Amusement  devices,  games  


Brushing,  scrubbing  and  general  cleaning  

Special  receptacle  or  package  

Fishing,  trapping  and  vermin  destroying  

Catalyst,  solid  sorbent,  or  support  therefor,  prod,  or  proc . 
Photography  


Electric  heating  

Dynamic  Information  storage  or  retrieval  

Dynamic  magnetic  information  storage  or  retrieval 

Coherent  light  generators  

Metal  working  


Measuring  and  testing   . 

Land  vehicles  

Liquid  purification  or  separation  

Drug,  bio-affecting  and  body  treating  compositions  

Radiation  imagery  chemistry— process,  composition  or  product 


Drug,  bio-affecting  and  body  treating  compositions 
Electrical  computers  and  data  processing  systems 


Class 

Activity  index 

number 

1980 

1989 

70 
/  u 

0.000 

14  442 

Of  a 

0.000 

14  118 

ou 

0.000 

12  870 

382 

0000 

8  759 

251 

0.000 

8.016 

0  000 

6  793 

0  000 

6  320 

0000 

6  142 

297 

0.000 

5  421 

292 

0.000 

4.637 

69.304 

4  441 

A 

0.000 

4  420 

131.530 

4  400 

123 

0.000 

4  359 

351 

0.000 

4.359 

1  o 

0  000 

4  319 

P1 

0  000 

4  07? 

0.000 

3941 

384 

0000 

3  909 

83 

0.000 

3.893 

1  74 

0,000 

3  530 

O  1  O 

0  000 

3  465 

114 

0000 

3  251 

235 

0  000 

3  022 

51 

0.000 

2.841 

979 

0  000 

2  799 

1  4fl 

0.000 

2  726 

0.000 

2  695 

53 

0.000 

2  635 

273 

0.000 

2  613 

1  R 

0.000 

2  606 

0.000 

2  553 

0.000 

2  313 

502 

0.000 

2  296 

354 

0.000 

2  258 

01Q 

0  000 

2  157 

0.000 

2  135 

0000 

2  032 

372 

0.000 

1  911 

29 

0.000 

1.698 

0.000 

1  490 

280 

0  000 

1  334 

210 

0  000 

0  871 

424 

0000 

0  858 

430 

0.000 

0.839 

514 

0000 

0  384 

364 

0000 

0334 

NOTES.  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  Taiwan,  divided  by  the  percentage  ot  all  patents  that  have 
inventors  from  Taiwan  in  that  year.  Listing  is  limited  to  U.S.  Patent  Office  classes  that  received  at  least  200  patents  from  all  countnes  rn  1989 
SOURCE  Office  of  Information  Systems.  TAF  Program.  Patent  and  Trademark  Office.  ''Country  Activity  Index  Report.  Corporate  Patenting  1989.'  report  prepared  tor 
the  National  Science  Foundation  (Washington.  DC:  October  1990). 
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Appendix  table  6-29. 

Patent  classes  most  emphasized  by  South  Korean  inventors  patenting  in  the  United  States:  1980  and  1989 


Patent  class 


Class 

Activity  index 

365 

0.000 

9.056 

292 

0.000 

8.754 

360 

0.000 

8.632 

16 

0.000 

8.154 

358 

0.000 

7.855 

315 

0.000 

6.541 

307 

0.000 

5.890 

220 

0.000 

5.581 

297 

0.000 

5.117 

219 

0.000 

5.091 

313 

0.000 

4.699 

521 

0.000 

4.232 

446 

0.000 

4.153 

242 

0.000 

4.013 

271 

0.000 

3.849 

310 

0.000 

3.615 

343 

0.000 

3.434 

560 

250.279 

3.434 

174 

0.000 

3.332 

363 

0.000 

3.235 

437 

0.000 

3.206 

568 

0.000 

2.899 

200 

0.000 

2.673 

381 

0.000 

2.558 

15 

0.000 

2.460 

361 

0.000 

2.403 

264 

0.000 

2.227 

502 

0.000 

2.167 

369 

0.000 

2.016 

346 

0.000 

1.962 

Ibb 

0.000 

1.685 

379 

0.000 

1.666 

248 

0.000 

1.597 

423 

0.000 

1.569 

340 

0.000 

1.526 

528 

0.000 

1.526 

524 

0.000 

1.389 

427 

0.000 

1.294 

206 

0.000 

1.205 

426 

0.000 

1.143 

525 

0.000 

1.100 

204 

0.000 

1.077 

252 

0.000 

0.842 

73 

0.000 

0.703 

350 

0.000 

0.561 

514 

0.000 

0.363 

Static  information  storage  and  retrieval  

Closure  fasteners  

Dynamic  magnetic  information  storage  or  retrieval 

Miscellaneous  hardware  

Pictorial  communication;  television  


Electric  lamp  and  discharge  devices,  systems  .  .  . 
Electrical  transmission  or  interconnection  systems 

Receptacles  

Chairs  and  seats  

Electric  heating  


Electric  lamp  and  discharge  devices  

Part  of  the  class  520  series— synth.  resins  or  natural  rubber 

Amusement  devices,  toys  

Winding  and  leeling  

Sheet  feeding  or  delivering  


Electrical  generator  or  motor  structure  

Communications,  radio  wave  antennas  

Part  of  the  class  532-570  series—organic  compounds 

Electricity,  conductors  and  insulators  

Electric  power  conversion  systems  


Semiconductor  device  manufacturing  process  

Part  of  the  class  532-570  series— organic  compounds 

Electricity,  circuit  makers  and  breakers  

Electrical  audio  signal  processing  and  systems  

Brushing,  scrubbing  and  general  cleaning  


Electricity,  electrical  systems  and  devices  

Plastic  and  nonmetallic  article  shaping  or  treating:  Process 
Catalyst,  solid  sorbent,  or  support  therefor,  prod,  or  proc.  .  . 

Dynamic  information  storage  or  retrieval  

Recorders  

Adhesive  bonding  and  misc.  chemical  manufacture  

Telephonic  communications  

Supports  

Chemistry,  inorganic  

Communication,  electrical  


-synth.  resins  or  natural  rubber 
-synth.  resins  or  natural  rubber 


Part  of  the  class  520  series- 
Part  of  the  class  520  series- 
Coating  processes  

Special  receptacle  or  package  

Food  or  edible  material:  Processes,  compositions  and  products. 


Part  of  the  class  520  series— synth.  resins  or  natural  rubber 

Chemistry,  electrical  and  wave  energy  

Compositions  

Measuring  and  testing  

Optics,  systems  and  elements    

Drug,  bio-aftecting  and  body  treating  compositions  


NOTES:  The  activity  index  is  the  percenlage  of  the  patents  in  a  class  that  are  granted  to  South  Korean  inventors,  divided  by  the  percentage  of  all  patents  that  have 
South  Korean  inventors  in  that  year  Listing  is  limited  to  U.S.  Patent  Office  classes  that  received  at  least  200  patents  from  all  countries  m  1989. 

SOURCE:  Office  of  Information  Systems.  TAF  Program.  Patent  and  Trademark  Office.  "Country  Activity  Index  Report.  Corporate  Patenting  1989."  report  prepared  tor 
the  National  Science  Foundation  (Washington.  DC  October  1990). 
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Appendix  table  6-30.  ^    .      .         ^       ^  ^^^^    ^ -^or. 

Nation  shares  of  patents  granted  in  the  United  States,  by  country  of  residence  of  inventor,  product  field,  and  year  of  grant:  1980  and  1989 


Product  field  and  SIC  code 


ALL  PRODUCT  FIELDS. 


Industnal  inorganic  chemicais  (SIC  281)  

Plastics  materials  and  synthetic  resins  (SIC  282) 

Drugs  and  medicines  (SIC  283)  

Engines  and  turbines  (SIC  351)  

Office  computing  and  accounting 

machines  (SIC  357)  

Radio  and  TV  receiving  equipment  (SIC  365) .  .  . 
Communication  equip.  &  elect. 

comp  (SIC  366*367)  

Motor  vehicles  and  equipment  (SIC  371)  

Aircraft  and  parts  (SIC  372)  

Professsonal  &  scientific  instruments 

(SIC  38-3825)  


ALLPF^ODUCT  FIELDS. 


IrtrjListrial  inorganic  chemicals  (SIC  281)  

Plastics  materials  and  synthetic  resins 

(SIC  282)  

Drugs  and  medicines  (SIC  283)  

Fncjirios  and  turbines  (SIC  351)  

Office  womputing  and  accounting  machines 

ISIC  357)  

Radio  and  TV  recoiving  equipment  (SIC  365). 
Comfnunicat<on  equip.  &  elect,  comp. 

(SIC  36G  367)  

Motor  veiiiclfjs  and  oqiupmont  (SIC  371) ...  . 

Aircraft  i\\)d  parts  (SIC  372)  

Profof^sional  8^  scientific  instruments 

(SIC  3B-3H25)   


AH  United  West  United  South  Other 

countries      States       Japan      Germany     France     Kingdom    Canada  Switzerland    USSR      Taiwan      Korea  couritries 


1980 


Percent 


61,807 

60.4 

11.5 

9.3 

3.4 

3.9 

1.7 

2.0 

0.7 

0.1 

0.0 

6.8 

1  OQT 
1  ,Ua  J 

1 1  ^ 

8.9 

4.0 

5.3 

1.9 

1.1 

0.9 

0.0 

0.0 

7.0 

965 

56.6 

15.1 

13.4 

2.9 

20 

0.8 

2.3 

1.1 

0.0 

0.1 

5.7 

1,378 

49.5 

12.3 

11.6 

5.3 

8.0 

0.9 

A  -1 

4.1 

U.o 

n  1 

n  n 

7.8 

635 

51 .3 

19.8 

10.9 

3.8 

6.0 

1.1 

1.1 

0.3 

0.3 

0.0 

5.4 

1.464 

61.1 

17.3 

6.9 

J. 4 

o.U 

U.D 

1  7 

0.1 

0.0 

5.5 

629 

47.1 

34.5 

5.2 

2.4 

3.5 

0.8 

1.3 

0.2 

0.2 

0.0 

4.9 

5.684 

63.9 

14.8 

5.9 

3.9 

3.5 

1.4 

1.1 

0.5 

0.1 

0.0 

4.9 

1,255 

52.7 

16.4 

13.7 

4.6 

4.7 

1.8 

1.4 

0.2 

0.1 

0.0 

4.4 

679 

50.7 

19.3 

11.5 

5.0 

6.5 

1.2 

0.9 

0.1 

0.1 

0.0 

4.7 

7.618 

58  3 

16.7 

9.0 

2.8 

3.2 

1.4 

2.2 

0.7 

0.1 

0.0 

5.6 

1989 

94,936 

52.5 

21.1 

8.7 

3.3 

3.2 

2.1 

1.4 

0.2 

0.6 

0.2 

7.6 

1.253 

55.1 

14.0 

11.6 

4.6 

4.6 

2.4 

1.0 

0.4 

0.0 

0.2 

D.b 

1.373 

50.0 

21.6 

13.2 

3.4 

3.4 

1.0 

1.7 

0.1 

0.0 

0.1 

5.6 

2.352 

51.7 

14.3 

9.9 

3.8 

3.8 

1.7 

2.3 

0.2 

0.0 

0.0 

12.5 

827 

44.9 

27.4 

12.0 

2.4 

2.4 

1.0 

1.3 

0.2 

0.7 

0.2 

8.6 

3.791 

44.2 

40.0 

4.8 

2.5 

2.5 

0.9 

0.7 

0.0 

0.2 

0.2 

4.4 

1.065 

35.0 

45.3 

5.9 

3.2 

3.2 

0.8 

0.2 

0.0 

0.4 

0.9 

6.4 

12.399 

48.8 

31.1 

5.5 

3.5 

3.5 

1.6 

0.7 

0.1 

0.5 

0.3 

53 

2.002 

40.9 

31.9 

12.9 

2.9 

2.9 

1.9 

0.7 

0.0 

0.5 

0.1 

5.8 

1.015 

44.0 

27.4 

12.4 

3.6 

3.6 

1.0 

0.9 

0.1 

0.7 

0.0 

7.0 

13.279 

52.0 

26.7 

6.8 

2.9 

2.9 

1.3 

1.3 

0.2 

0.4 

0.0 

6.0 

f/ji!  ,Kof,!os  (Mtortt  Mctiviiy  in  SIG-0;i.nd  prodiict  fields  The  Patent  Office  s  Concordance  computer  program  assigns  patent  subclasses  to  all  product  fields  to  which  they  are  pertinent:  fractional  counts  are  used  to 

r'!  !ivtM»(.  fi)',!|ipln  counts  Htiionf)  [)rOfiii(:l  tield  cHtfKjonns 

S(JU}U;r:  (^^t^^t  .ii^U  IradomeuK  Office.  Patcnhnc)  Trends  in  tho  United  States.  1963-1989  (Washington.  DC:  August  1990). 
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Appendix  table  6-31 . 

Patents  granted  in  selected  countries  by  residence  of  inventor:  1985-89 

(page  1  of  2) 


Residence  of  Inventor 

Patents  to  non- 

Total 

residents  as 

United 

West 

United 

Soviei 

Other 

Granting  country 

patents 

percent  of  total 

States 

Japan  Germany  France 

Kingdom 

Italy 

Sweden 

India 

Union  nonresidents 

1985 

Percentage  of  nonresident  patents 

Japan   

50,100 

15.5 

46.4 

0.0 

19.6 

6.4 

5.4 

1.5 

2.3 

0.0 

1.4 

17.0 

West  Germany  

.  33,377 

60.4 

29.2 

23.9 

0.0 

12.4 

6.7 

2.8 

2.8 

0.0 

1.7 

20.6 

France  

37,530 

73.8 

27.4 

15.8 

25.9 

0.0 

5.9 

4.1 

2.4 

0.0 

1.3 

17.0 

United  Kingdom  .  .  . . 

34,480 

82.3 

28.6 

20.8 

20.9 

8.4 

0.0 

2.9 

2.2 

0.0 

0.6 

15.6 

Italy  

47,924 

79.0 

6.1 

2.3 

8.0 

4.2 

2.0 

0.0 

0.4 

0.0 

0.0 

77.0 

18,697 

92.8 

548 

11.7 

8.8 

5.6 

5.3 

1.5 

1.8 

0.0 

0.4 

10.0 

1,374 

93.4 

56.3 

6.6 

7.6 

7.0 

4.0 

2.6 

1.5 

0.0 

0.5 

14.0 

3.934 

84.6 

37.0 

7.3 

20.7 

9.9 

4.0 

4.6 

2.8 

0.0 

0.4 

13.3 

South  Korea  

,  2.268 

84.6 

30.4 

42.3 

6.2 

5.4 

3.5 

1.8 

1.4 

0.0 

0.0 

9.1 

Soviet  Union  

74,745 

20 

13.7 

8.4 

16.9 

8.2 

3.1 

3.9 

2.7 

0.0 

0.0 

42.9 

India  

1,814 

76.2 

33.5 

6.4 

11.2 

8.1 

10.1 

3.4 

1.3 

0.0 

3.0 

23.0 

1986 

Japan   

59.900 

14.4 

46.1 

0.0 

20.0 

6.7 

5.3 

2.0 

2.2 

0.0 

1.4 

16.3 

West  Germany .... 

38,995 

60.6 

30.6 

24.1 

0.0 

11.6 

6.8 

2.8 

2.9 

0.0 

1.1 

20.1 

France  

35.549 

73.7 

27.8 

17.1 

25.4 

0.0 

6.2 

3.8 

2.3 

0.0 

0.7 

16.7 

United  Kingdom  ,  .  . 

32,929 

83.6 

28.7 

19.9 

21.6 

8.3 

0.0 

2.8 

2.2 

0.0 

0.4 

16.1 

Italy  

52.493 

23.9 

24.9 

8.2 

28.4 

13.8 

7.4 

0.0 

1.5 

0.0 

0.0 

15.8 

Canada   

17,550 

92.2 

56.0 

12.2 

7.9 

5.2 

5.3 

1.8 

1.8 

0.0 

0.2 

9.6 

Mexico  

1.222 

96.2 

61.3 

5.6 

7.6 

6.6 

3.2 

2.5 

1.3 

0,1 

0.3 

11.5 

Brazil  

2.935 

84.9 

38.2 

9.6 

18.8 

7.2 

3.5 

4.3 

2,7 

0.0 

0,2 

15.4 

South  Korea  

1,894 

75.8 

25.4 

58.6 

0.0 

3.1 

2.2 

1.7 

0,8 

0.1 

0.0 

8.1 

Soviet  Union  

79,367 

1.6 

14.4 

7.3 

17.4 

9.6 

5.0 

3.4 

3.8 

0.0 

0.0 

39.1 

India  

1,994 

75.2 

32.3 

7.6 

6.3 

6.5 

14.7 

4.5 

1.8 

0.0 

2.8 

23.5 

1987 

Japan   

62,400 

13.3 

38.8 

0.0 

19,3 

6.5 

4.5 

2.0 

1.8 

0.0 

1.3 

14.6 

West  Germany .... 

39,897 

59.4 

27,3 

25.4 

0.0 

11.8 

6.7 

3.1 

2.7 

0.0 

0.9 

19.9 

30.413 

72.0 

26.4 

18.2 

29.1 

0.0 

6.4 

4.2 

2.4 

0.0 

0.7 

18,3 

United  Kingdom  .  . . 

28,659 

83.9 

26.6 

20.9 

24.1 

10.1 

0.0 

3.1 

2.2 

0.0 

0.3 

17.0 

Italy  

1 1 ,550 

99.0 

25.1 

10.3 

34.6 

16.9 

8.1 

0.0 

2.2 

0.0 

0.0 

98.6 

Canada   

14,649 

92.6 

63.3 

14.8 

9.9 

5.4 

5,9 

1.8 

2.2 

0.0 

0.2 

11.6 

Mexico  

1.406 

94.6 

136.7 

14.9 

18.3 

16.6 

7.0 

7.6 

4.8 

0.1 

0.5 

29.4 

2,184 

86.8 

55.6 

8.7 

21.7 

11.8 

10.4 

6.2 

3.0 

0.0 

0.5 

16.8 

South  Korea  

2,330 

74.4 

26.8 

44.0 

5.5 

3.3 

3,0 

1.7 

0.8 

0.0 

0.0 

7.2 

Soviet  Union  

85.018 

1.6 

13.0 

9.3 

22.6 

6.5 

4.3 

3.3 

3.2 

0.2 

0.0 

39.4 

India  

2,027 

73.1 

62.9 

10.6 

19.8 

15.9 

20.2 

3,8 

3.7 

0.0 

5.0 

33.2 

1988 

Japan   

55,300 

13.4 

43.7 

0.0 

21.8 

7.3 

5.0 

2.2 

2.0 

0.0 

1.5 

16.5 

West  Germany .... 

38,890 

59.6 

27.9 

26.0 

0.0 

12.0 

6.8 

3.2 

2.8 

0,0 

0.9 

20.3 

France  

31.956 

72.4 

25,0 

17.2 

27.5 

0.0 

6.0 

4.0 

2.2 

0.0 

0.7 

17.3 

United  Kingdom  .  .  . 

29,564 

85.0 

25.5 

20.0 

23.0 

9.7 

0.0 

3.0 

2.1 

0.0 

0.3 

16.3 

Italy  

25,195 

88.9 

12.8 

5.3 

17.6 

8.6 

4.2 

0.0 

1.1 

0.0 

0.0 

50.3 

16,813 

93.0 

55.0 

12.8 

8.6 

4.7 

5.1 

1.6 

1.9 

0.0 

0.2 

10.1 

Mexico  

3,411 

92.0 

58.0 

6.3 

1.1 

7.0 

3.0 

3.2 

2.0 

0.0 

0.2 

12.5 

Brazil  

3.040 

84.0 

41.2 

6.5 

16.1 

8.8 

7.7 

4.6 

2.2 

0.0 

0.4 

12.5 

South  Korea  

2.174 

73.6 

29.0 

47.7 

6.0 

3.6 

3.3 

1.8 

0.9 

0.0 

0.0 

7.8 

83,983 

1.6 

12.7 

9.2 

22.2 

6.4 

4.3 

3.2 

3.2 

0.2 

0.0 

38.6 

India  

.  .  .  3.454 

75  1 

35.9 

6.1 

11.3 

9.1 

11.5 

2.2 

2.1 

0.0 

2.9 

18.9 

(continued) 


ERIC 


Science    Engineering  Indicators  -1991 


441 


Appenr*'  <  table  6-31 . 

PatenU.  granted  in  selected  countries  by  residence  of  inventor:  1985-89 

(page  2  of  2) 


Patents  to  non- 
residents as 
percent  of  total 

Residence  of  inventor 

Granting  country 

Total 
patents 

United 
States 

West  United 
Japan  Germany  France  Kingdom  Italy    Sweden  India 

Soviet  Other 
Union  nonresidents 

1989 

Percentage  of  nonresident  patents 


Japan   

West  Germany . 

France  

United  Kingdom 

Italy  

Canada   

Mexico  

Brazil  

South  Korea .  .  . 
Soviet  Union  .  . 
India  


63.301 

13.5 

44.4 

0.0 

21.2 

7.6 

5.0 

2.2 

2.3 

0.0 

1.3 

16.0 

42,233 

60.0 

28.2 

27.2 

0.0 

10.9 

6.5 

3.5 

2.8 

CO 

0.9 

20.0 

32.879 

74.8 

24.9 

17.5 

27.8 

0.0 

6.0 

4.4 

2.2 

0.0 

0.5 

16.7 

30.897 

86.3 

25.7 

20.4 

23.2 

9.1 

0.0 

3.2 

2.1 

0.0 

0.3 

16.0 

15,832 

98.7 

22.8 

9.1 

29.4 

12.9 

6.7 

0.0 

2.4 

0.0 

0.0 

16.7 

16.299 

93.4 

52.9 

13.7 

8.6 

6.1 

5.7 

1.8 

1.7 

0.0 

0.2 

9.4 

2,268 

91.0 

63.1 

4.5 

7.8 

6.0 

2.8 

3  ^ 

1.4 

0.0 

0.7 

10.3 

3,610 

86.5 

41.2 

5.2 

16.2 

9.1 

10.0 

4.3 

2.2 

0.0 

0.6 

11.1 

3.972 

70.3 

30.7 

50.6 

5.1 

3.0 

3.0 

0.9 

0.8 

0.0 

0.0 

6.0 

84.577 

1.5 

13.6 

8.3 

19.5 

7.0 

4.1 

4.8 

1.9 

0.0 

0.0 

40.8 

1.986 

78.0 

35.4 

6.8 

14.0 

7.2 

7.3 

2.8 

1.7 

0.0 

5.0 

19.6 

SOURCE:  World  Intellectual  Property  Organization.  'Industrial  Properly  Statistics"  (Geneva,  Switzerland). 
See  figure  6-20. 
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Appendix  A.  Appendix  Tables 


Appendix  table  6-32. 

Citations  per  patent  for  selected  countries,  by  year  patent  was  granted  in  the  United  States:  1980, 1985,  and  1987 


United 

West 

United 

Non- 

industry 

States 

Germany 

Japan 

Kingdom 

France 

U.S. 

World 

1980 

ALL  INDUSTRIES  

3.58 

2.86 

3.79 

3.12 

2.82 

3.09 

3.39 

Industrial  inorganic  chemicals  , 

3.98 

3.32 

3.75 

4.13 

2.94 

3.46 

3.77 

3.94 

3.24 

4.61 

3.36 

2.36 

3.78 

3.87 

3.46 

2.37 

2.45 

2.75 

1.94 

2.32 

2.88 

Engines  and  turbines  

3.23 

3.22 

4.35 

2.41 

2.70 

3.37 

3.30 

Office  computing  and  accounting  machines  

6.80 

4.89 

6.37 

6.09 

5.61 

5.63 

6.34 

3.11 

2.46 

3.77 

2.30 

2.45 

2.71 

2.94 

Electrical  equipment  except  communication  equipment  

3.77 

3.10 

3.71 

3.43 

2.80 

3.15 

3.52 

Communication  equipment  and  electrical  components  

4.95 

3.24 

4.43 

4.37 

3.65 

4.01 

4.60 

Radio  and  TV  equipment  except  communication  types  

4.60 

3.80 

3.93 

4.64 

4.42 

4.05 

4.30 

Electrical  components  &  access  &  communication  equip  .... 

4.98 

3.18 

4.56 

4.34 

3.60 

4.01 

4.63 

Transportation  equipment  

2.82 

3.07 

4.24 

2.28 

2.50 

3.13 

2.95 

Motor  vehicles  and  motor  vehicle  equipment  

3.14 

3.17 

4.33 

2.37 

2.72 

3.30 

3.22 

Guided  missiles  and  space  vehicles  and  parts  

2.00 

2.07 

0.00 

0.85 

1.80 

2.00 

2.00 

Ordnance,  except  missiles  

2.01 

1.82 

2.17 

1.14 

2.70 

2.04 

2.01 

Aircraft  and  parts  

3.39 

3.78 

4.41 

2.45 

2.87 

3.56 

3.48 

Professional  and  scientific  instruments  

4.25 

3.52 

3.93 

4.68 

3.71 

3.69 

4.02 

1985 

ALL  INDUSTRIES  

2.07 

1.69 

2.66 

1.79 

1.61 

2.04 

2.06 

Industrial  inorganic  chemicals  

2.12 

1.34 

2.36 

1.83 

1.44 

1.74 

1.96 

Plastic  materials  and  synthetic  resins  

2.03 

1.68 

2.06 

1.34 

1.67 

1.88 

1.97 

Drugs  and  medicines  

1.77 

1.60 

1.39 

1.53 

1.01 

1.32 

1.54 

Engines  and  turbines  

1.37 

1.58 

2.84 

1.27 

1.61 

2.17 

1.85 

Office  computing  and  accounting  machines  

3.oO 

2.62 

3.68 

2.97 

3.44 

3.39 

3.44 

General  industry  machines  and  equipment  

1.74 

1.49 

2.14 

1.58 

1.58 

1.72 

1.73 

Electrical  equipment  except  communication  equipment  

2.21 

1.96 

2.55 

2.00 

1.65 

2.12 

2.17 

Communication  equipment  and  electrical  components  

3.08 

2.36 

3.47 

2.46 

2.39 

2.99 

3.04 

Radio  and  TV  equipment  except  communication  types  

3.03 

3.24 

3.20 

2.73 

2.46 

2.99 

3.01 

Electrical  components  &  access  &  communication  equip .... 

3.08 

2.27 

3.51 

2.44 

2.38 

2.99 

3.04 

Transportation  equipment  

1.60 

1.95 

3.53 

1.40 

2.02 

2.50 

2.08 

Motor  vehicles  and  motor  vehicle  equipment  

1.80 

1.97 

3.57 

1.53 

2.21 

2.70 

2.32 

Guided  missiles  and  space  vehicles  and  parts  

1.23 

1.20 

0.00 

0.88 

0.84 

0.86 

1.10 

Ordnance,  except  missiles  

1.37 

1.39 

2.00 

1.24 

1.52 

1.34 

1.36 

Aircraft  and  parts  

1.51 

2.14 

3.36 

1.47 

1.94 

2.62 

2.14 

Probssional  and  scientific  instruments  

2.46 

1.91 

2.87 

2.10 

1.64 

2.35 

2.41 

1987 

ALL  INDUSTRIES  

1.01 

0.75 

1.30 

0.82 

0.77 

0.97 

0.99 

Industrial  inorganic  chemicals  

0.94 

0.54 

0.91 

1.11 

U.60 

0.71 

0.84 

Plastic  materials  and  synthetic  resins  

0.97 

0.53 

0.89 

0.84 

0.68 

0.75 

0.87 

Drugs  and  medicines  

0.88 

0.75 

0.69 

0.71 

0.50 

0.67 

0.78 

Engines  and  turbines  

0.73 

0.86 

1.38 

0.61 

0.62 

1.03 

0.91 

Office  computing  and  accounting  machines  

1.63 

0.98 

1.53 

1.50 

1.24 

1.43 

1.51 

General  industry  machines  and  equipment  

0.78 

0.68 

1.07 

0.71 

0.90 

0.82 

0.80 

Electrical  equipment  except  communication  equipment  

1.09 

0.76 

1.17 

0.82 

0.88 

0.95 

1.02 

Communication  equipment  and  electrical  components  

1.45 

0.94 

1.71 

1.14 

0.95 

1.42 

1.43 

Radio  and  TV  equipment  except  communication  types  

1.60 

1.09 

1.91 

1.28 

1.52 

1.68 

1.65 

Electrical  components  &  access  &  communication  equip .... 

1.44 

0.93 

1.68 

1.13 

0.92 

1.38 

1.41 

Transportation  equipment  

0.77 

1.01 

1.71 

0.80 

0.82 

1.21 

1.02 

Motor  vehicles  and  motor  vehicle  equipment  

0.85 

1.03 

1.70 

0.82 

0.97 

1.32 

1.15 

Guided  missiles  and  space  vehicles  and  parts  

0.49 

0.45 

1.00 

1.42 

0.38 

0.70 

0.57 

Ordnance,  except  missiles  

0.61 

0.46 

1.04 

0.70 

0.80 

0.53 

0  57 

0.78 

1.04 

1.64 

0.77 

0.86 

1.24 

1.05 

Professional  and  scientific  instruments  

1.20 

0,94 

1.48 

1.01 

0.97 

1.19 

1.20 

NOTE:  Citation  rates  generally  increase  as  a  patent  ages.  Consequently,  citation  rates  for  patents  granted  in  1987  are  noticeably  lower  than  those  granted  in  1980, 
SOURCE;  Computer  Horizons.  Inc..  special  report  to  Science  Resources  Studies  Division.  National  Science  Foundation.  1990 
O   ^  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  6-33. 

Output  per  worker-hour  in  manufacturing:  1960-89 


France 

WpQt 

Germany 

Japan 

1  InitpH 

Kingdom 

Italy 

Sweden 

1  InitpH 

States 

1960   

  36.7 

45.8 

20.2 

57.5 

34.1 

47.0 

59.8 

1961  

  39.0 

47.0 

22.4 

56.8 

36.4 

48.8 

61.6 

1962   

  41.3 

48.9 

22.8 

57.5 

39.1 

52.0 

64.8 

1963   

  43.4 

50.1 

24.5 

60.5 

40  3 

54.4 

69.4 

1964   

  46.3 

54.3 

27.5 

65.0 

40.7 

58.4 

73.3 

1965   

  49.0 

57.4 

28.2 

66.0 

43.9 

62.1 

76.1 

1966   

  53.1 

59.1 

31.2 

66.9 

48.2 

64.6 

77.2 

1967   

  55.8 

61.3 

35.8 

69.6 

51.3 

68.9 

76.0 

1968   

  59.8 

67.1 

40.2 

75.2 

55.3 

73.6 

78.6 

1969   

  64.9 

71.7 

45.8 

77.0 

57.0 

77.8 

79.3 

1970   

  67.7 

73.4 

50.9 

77.4 

59.5 

79.4 

77.9 

1971  

  70.9 

74.4 

53.0 

79.2 

58.9 

82.5 

82.5 

1972   

  73.2 

78.3 

57.9 

82.9 

63.5 

84.3 

87.3 

1973   

  77.0 

82.6 

63.4 

90.1 

69.5 

88.9 

91.9 

1974   

  77.5 

83.9 

63.0 

88.6 

71.8 

91.5 

87.8 

1975   

  78.0 

85.3 

62.3 

86.4 

68.1 

91.0 

88.9 

1976   

  83.5 

93.8 

69.1 

90.9 

77.3 

91.2 

94.0 

1977   

  87.6 

95.2 

73.5 

92.4 

78.6 

89.1 

97.4 

1978   

  90.9 

97.0 

79.9 

93.3 

83.6 

89.1 

99.0 

1979   

  95.2 

100.2 

85.8 

93.9 

90.7 

84.6 

98.4 

1980   

  95.9 

99.2 

91.7 

90.4 

95.3 

95.1 

97.3 

1981  

  97.6 

99.4 

94.5 

93.6 

97.9 

95.5 

99.4 

1982   

  100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

1983   

  102.0 

104.7 

106.0 

108.8 

105.3 

105.5 

108.3 

1984   

  104.0 

108.1 

115.0 

115.7 

115.8 

112.6 

115.8 

1985   

  107.7 

110.2 

120.9 

119.7 

121.0 

112.1 

121.1 

1986   

  109.9 

108.4 

121.9 

124.0 

125.2 

112.4 

125.6 

1987   

  113.5 

105.9 

132.0 

132.5 

130.9 

113,0 

130.7 

1988   

  119.6 

110.4 

139.5 

140.2 

139.3 

115.2 

135.4 

1989   

  124.5 

114.2 

146.1 

145.9 

143.0 

116.0 

137.8 

NOTE:  Index:  1982  =  100. 

SOURCE:  Bureau  of  Laboi  Stalisllcs,  unpublished  tabulations. 

See  figure  6-21 .  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  6-34. 

Manufacturers'  use  and  planned  use  of  certain  advanced  technologies  in  the  United  States, 
Canada,  and  Australia 


United  States 


Canada 


Australia 


Technology 


Plan  to  Plan  to  Plan  to 

use  within  use  within  use  within 

In  use   5  years    In  use    5  years  In  use     5  years 


Percentage  of  establishments 

At  least  one  of  the  1 7  advanced 

technologies   68.4     59.7      43,0        NA      33.0  NA 

Design  and  engineering 

Computer-aided  design  (CAD)  or 

computer-aided  engineering   39.0  19.6  17.0  12.0  10.0  11.0 

CAD  output  used  to  control 

manufacturing  machines   16.9  21.1  7.0  10.0  4.0  7.0 

Digital  representation  of  CAD 

output  used  in  procurement   9.9  17.5  4.0  8.0  4.0  6.0 

Fabrication/machining  and  assembly 

Flexible  manufacturing  cells  or 

systems   10.7     11.5  7.0  3.0        1.0  3.0 

Numerically  controlled  or  computer 

numerically  controlled  machines    41.4      7.9  14.0  4.0      13.0  5.0 

Materials  working  lasers   4.3      9.1  2.0  4.0        1.0  3.0 

Pick  and  place  robots   7.7     12.2  3.0  4.0       2.0  4.0 

Other  robots   5.7     11.2  3.0  5.0       3.0  2.0 

Automated  material  handling 

Automatic  storage  and  retrieval 

systems   3.2  5.8  4.0  4.0        2.0  3.0 

Automaticguided  vehicle  systems   1.5  3.8  2.0  3.0        1.0  2.0 

Automated  sensor-based  inspection  or 
testing 

Performed  on  incoming  or  in-process 

materials   10.0  11.9        9.0  7.0  3.0  3.0 

Performed  on  final  product   12.5  12.4        8.0  6,0  4.0  3.0 

Communication  and  control 

Local  area  network  (LAN)  for 

technical  data   18  9     17.2       11.0  12.0  3.0  5.0 

LAN  for  factory  use   16.2     19.1        9.0  12.0  5.0  7.0 

Intercompany  computer  network 

linking  plant  to  subcontractors, 

subcontractors,  suppliers. 

or  customers   14.8     20.3      10.0  11.0  3.0  5.0 

Programmable  controllers   32.1     10.7      18,0  6.0  14.0  4.0 

Computers  used  for  control  on 

factory  floor   27.3     22.0       12  0  13.0  7.0  8.0 

NOTES:  "Nonuse"  is  defined  as  'oo  not  currently  use  or  plan  to  use  in  the  next  5  years."  The  U.S.  survey  included  establishments 
with  20  or  more  employees  selecled  to  represent  a  universe  of  almost  40.000  manufacturing  establishments  classified  in  Standard 
Industrial  Classification  codes  34-38;  the  Canadian  survey  covered  the  use  of  22  advanced  technologies  (the  first  1 7  of  which  are 
identical  to  those  included  in  the  U.S.  survey)  by  all  manufacturing  plants  in  Canada  with  20  or  more  employees:  the  Australian 
survey  questioned  manulacturefs'  use  of  19  advanced  technologies  (17  of  which  are  comparable). 

SOURCE:  Bureau  of  the  Cejisus.  Manufacturing  Technology  1988,  SMT(88)-1  (Washington,  DC:  GPO,  1989);  Organisation  for 
Economic  Cooperation  and  Development  (OECD),  "Survey  of  Manufacturing  Technology  in  Canada  -  March  1989."  Room 
Document  6.  dist,  Nov.  8.  1989;  and  OECD.  "Survey  of  Manufacturing  Technology  in  Australia."  Room  Document  15.  dist.  Nov. 
27,1989. 

See  figure  6-22.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  6-35. 

Reasons  for  manufacturers'  nonuse  of  certain  advanced  technologies  in  the 
United  States  and  Canada 


Technology 


United  States  Canada 

Not  Not  Not  Not 

applicable   cost  effective  applicable  cost  effective 


Percentage  of  establishments 

Design  and  engineering 

Computer-aided  design  (CAD)  or 

computer-aided  engineering  

CAD  output  used  to  control 

manufacturing  machines  

Digital  representation  of  CAD 

output  used  in  procurement  

Fabrication/machining  and  assembly 

Flexible  manufacturing  cells  or 

systems  

Numerically  controlled  or  computer 

numerically  controlled  machines  

Materials  working  lasers  

Pick  and  place  robots  

Other  robots  

Automated  material  handling 

Automatic  storage  and  retrieval 

systems  

Automatic  guided  vehicle  systems  

Automated  sensor-based  inspection  or 
testing 

Performed  on  incoming  or  in-process 

materials  

Performed  on  final  product  

Communication  and  control 

Local  area  network  (LAN)  for 

technical  data  

LAN  for  factory  use  

Intercompany  computer  network 

linking  plant  to  subcontractors. 

subcontractors,  suppliers. 

or  customers  

Programmable  controllers  

Computers  used  for  control  on 

facte  loor  

NOTE:  "Nonuse"  is  defined  as  "do  not  currently  use  or  plan  to  use  in  the  next  5  years," 

SOURCE:  Bureau  of  the  Census.  Manufacturing  Technology  1988.  SMT{88)-1  (Washington.  DC:  GPO.  1989). 
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21.6 

7.7 

59.0 

r  0 

34.0 

13.b 

70.0 

9.0 

40.9 

14.1 

73.0 

9.0 

46.0 

15.0 

73,0 

10.0 

29.8 

8.7 

68.0 

9.0 

53.6 

16.7 

79.0 

10.0 

44.4 

20.6 

75.0 

12.0 

45.4 

21.0 

74,0 

11,0 

46.0 

30.0 

72.0 

15.0 

51.2 

28.2 

74,0 

15.0 

41.9 

21.0 

67.0 

10.0 

40.9 

19.4 

68.0 

10.0 

36,7 

10.6 

64.0 

6.0 

36.9 

11.3 

64,0 

8.0 

34.0 

13.9 

60,0 

10.0 

32.4 

9.9 

61,0 

8.0 

26.1 

10,9 

61.0 

9.0 

o 

ERIC 


446 


Appendix  A.  Appendix  Tables 


Appendix  table  6-36, 

Formation  of  companies  in  the  United  States  active  in  certain  high-tech  fields:  1970-89 


Tele- 
All  high-  Bio-       Computer     Advanced    Photonics  communi- 
Perlod  formed                tech  fields    Automation   technology    hardware      materials     &  optics      Software  cations 


Number  of  companies 

Total                                19.097          1.754            722          3,633            947  1.025  6,238  1,620 

1970-74                               3,174             366              81             525             208  221  758  281 

1975-79                               4,984             517             138             969             213  292  1,871  411 

1980-84                              7,217            615            295          1.457            309  334  2.666  616 

1985-89                              3,722            256            208            682            217  178  943  312 

Percentage  of  all  high-tech  companies  formed  during  each  period 

1970-74                               100.0            11.5             2.6            16.5             6.6             7,0  23,9  8.9 

1975-79                               100.0            10.4             2.8            19.4             4.3             5,9  37.5  8.2 

1980-84                              100,0             8.5             4.1            20.2             4.3             ^.6  36,9  8.5 

1985-89                               100.0             6,9             5.6            18.3             5.8             4.8  25.3  8.4 

Percentage  of  all  high-tech  companies  formed  during  1970-89.  by  fieid 

1970-74                                16.6            20.9            11.2            14.5            22.0  21.6  12.2  17.3 

1975-79                                 26.1            29.5            19,1            26.7            22.5  28.5  30.0  25.4 

1980-84                                 37.8            35.1            40.9            40.1            32.6  32.6  42.7  38.0 

1985-89                                19.5            14.6           28,8            18.8            22.9  17.4  15.1  19.3 


NOTE:  Beside  those  fields  indicated,  other  high-tech  fields  included  in  the  data  base  are  chemicals,  defense-related,  energy,  environmental, 

manufacturing  equipment,  medical,  pharmaceuticals,  subassemblies  and  components,  test  and  measuremant.  and  transportation. 

SOURCE:  Derived  fro.m  the  CorpTech  data  base.  Corporate  Technology  Information  Sen/ices.  Inc..  Wellesley  Hills,  MA  (Rev  6.0. 1991) 

See  figure  6-23.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  6-37. 

Companies  active  in  high-tech  fields,  by  state 


state 


All  Bio-  Computer 

fields       Automation    technology  hardware 


Software 


Advanced 
materials 


Photonics 
&  optics 


Tele- 
communi- 
cations 


TOTAL  

California  .... 
Massachusetts 
New  York .... 
Pennsylvania  . 
New  Jersey  .  . 

Texas  

Connecticut  .  . 

Illinois  

Ohio  

Maryland  .... 
Kentucky  .... 
Minnesota  .  .  . 
Michigan  .... 

Florida  

Virginia  

All  other  states.. 


TOTAL  

California  

Massachusetts  .... 

New  York  

Pennsylvania  

New  Jersey  

Texas  

Connecticut  

Illinois  

Ohio  

Maryland  

Kentucky  

Minnesota  

Michigan  ....... 

Florida  

Virginia  

All  other  states  .... 


Number  of  companies 

29,761 

3,413 

974 

4,541 

7.095 

2,302 

1,673 

2,424 

5,453 

526 

157 

1,131 

1,414 

211 

398 

633 

2,275 

256 

92 

381 

576 

150 

215 

220 

2.023 

241 

54 

290 

474 

159 

182 

196 

1.730 

220 

55 

07R 
£fO 

417 

213 

56 

84 

1  ,D<iO 

0 1 

219 

296 

1QA 

1Q1 

l£.  1 

1  HO 

1.430 

91 

31 

inQ 

107 

49 

117 

1  Od. 

£.0 

176 

261 

i  1 1 

79 

an 

1.261 

206 

32 

142 

281 

111 

64 

78 

1.188 

209 

23- 

OHA 

193 

47 

41 

1,10/ 

90 

244 

292 

R1 
01 

R9 

1  10 

910 

172 

9 

49 

71 

97 

11 

20 

858 

109 

27 

135 

166 

b6 

38 

46 

837 

188 

20 

71 

185 

95 

37 

26 

722 

50 

23 

109 

209 

30 

51 

81 

695 

44 

15 

156 

223 

39 

28 

112 

6,250 

669 

223 

849 

1,639 

471 

252 

419 

Percent 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

18.3 

15.4 

16.1 

24.9 

19.9 

9.2 

23.8 

26.1 

7.6 

7.5 

9.4 

8.4 

8.1 

6.5 

12.9 

9.1 

6.8 

7.1 

5.5 

6.4 

6.7 

6.9 

10.9 

8.1 

5.8 

6.4 

5.6 

1 

D.  1 

R  Q 

9.3 

3.3 

3.5 

n  *i 

o,o 

4.8 

4.2 

o.o 

7  O 

R  Q 

0.9 

48 

2.7 

3.2 

A  0 

R  R 

4.6 

2.9 

4.8 

**  ,o 

o.o 

£.,0 

3.9 

3.7 

A  fl 

A 

*A  7 

4.2 

6.0 

3.3 

3.1 

4.0 

4.8 

3.8 

3.2 

4.0 

6.1 

2.4 

2.8 

2.9 

84 

2.8 

1.7 

3.9 

2.7 

11.0 

5.4 

4.1 

2.2 

3.1 

4.9 

3.1 

5.0 

0.9 

1.1 

1.0 

4.2 

0.7 

0.8 

2.9 

3.2 

2.8 

3.0 

2.3 

2.9 

2.3 

1.9 

2.8 

5.5 

2.1 

1.6 

2.6 

4.1 

2.2 

1.1 

2.4 

1.5 

24 

2.4 

2.9 

1.3 

3.0 

3.3 

2.3 

1.3 

1.5 

3.4 

3.1 

1.7 

1.7 

4.6 

21.0 

19.6 

22.9 

18.7 

23.1 

20.5 

15.1 

17.3 

NOTE:  Beside  those  fields  indicated,  other  high-tech  fields  included  in  the  data  base  are  chemicals,  defense-related,  energy,  environmental, 
manufacturing  equipment,  medical,  pharmaceuticals,  subassemblies  and  components,  test  and  measurement,  and  transportation. 

SOURCE:  Derived  from  the  CorpTech  data  base.  Corporate  Technology  Services.  Inc..  Wellesley  Hills.  H/IA  (Rev  6.0. 1991). 

See  figure  6-24.  Science  &  Engineering  Indicatorf,  -  1991 
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Appendix  table  6-38. 

Ownership  of  companies  active  in  high-tech  fields  operating  in  the  United  States,  by  country  of  ownership: 
March  1991 


Country 

All 
fields 

Automation 

Bio- 
technology 

Computer 
hardware 

Advanced 
materials 

Photonics 
&  optics 

Software 

Tele- 
communi- 
cations 

Number  of  companies 

Total 

30  919 

3,413 

974 

4,541 

2.302 

1,673 

7.095 

2,424 

United  States 

27  412 

3.066 

868 

4,212 

1 ,957 

1.471 

6,887 

2.182 

Foreian  owned  . 

3,507 

347 

106 

329 

345 

202 

208 

242 

United  Kinndom 

813 

70 

17 

56 

85 

53 

73 

53 

fiOO 

66 

15 

101 

42 

51 

16 

66 

West  Germany  

560 

79 

20 

34 

82 

36 

15 

17 

269 

26 

6 

23 

40 

12 

23 

24 

Switzerland  

242 

28 

8 

17 

23 

13 

16 

6 

246 

20 

4 

16 

18 

9 

22 

27 

Thp  Npthprlands 

144 

5 

8 

17 

23 

11 

10 

12 

Sweden            .  .  . 

170 

21 

8 

12 

10 

5 

8 

6 

Taiwan 

35 

0 

0 

10 

0 

2 

1 

6 

South  Korea       .  . 

22 

1 

1 

6 

1 

0 

1 

3 

Percent 

Total 

100  0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Unitpd  States 

88  7 

89.8 

89.1 

92.8 

85.0 

87.9 

97.1 

90.0 

Pnrpinn  nwnpd 

11  3 

10.2 

10.9 

7.2 

15.0 

12.1 

2.9 

10.0 

United  Kinadom 

2.6 

2.1 

1.7 

1.2 

37 

3.2 

1.0 

2.2 

Japan   

1.9 

1.9 

1.5 

2.2 

1.8 

3.0 

0.2 

2.7 

West  Germany  

1.8 

2.3 

2.1 

0.7 

3.6 

2.2 

0.2 

0.7 

France  

0.9 

0.8 

0.6 

0.5 

1.7 

0.7 

0.3 

1.0 

Switzerland  

0.8 

0.8 

0.8 

0.4 

1.0 

0.8 

0.2 

0.2 

Canada  

0.8 

0.6 

0.4 

0.4 

0.8 

0.5 

0.3 

1.1 

The  Netherlands  .  .  . 

0.5 

0.1 

0.8 

0.4 

1.0 

0.7 

0.1 

0.5 

Sweden  

0.6 

0.6 

0.8 

0.3 

0.4 

0.3 

0.1 

0.2 

Taiwan  

0.1 

* 

* 

0.2 

0.1 

0.2 

South  Korea  

0.1 

0.1 

0.1 

• 

* 

0.1 

*  =  less  than  0.05  percent 

SOURCE:  Derived  from  the  CorpTech  data  base.  Corporate  Technology  Information  Services.  Inc..  Wellesley  Hills.  f^A  (Rev  6.0.  March  1991). 
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Appendix  table  6-39. 

Source  of  capital  for  newly  formed  high-tech  companies 


Corporate  Private  Corporate. 

Corporate  Private  Venture  Corporate  investment  investment  private, 

investment  investment  capital  &  private  &  venture  &  venture  &  venture 

Technology  field                     only  only  only  investment  capital  capital  capital 

Percentage  of  companies  receiving  source  of  capital 

Automation                              2.5  77.5  2.5  2.5  0.6  10.0  4.4 

Biotechnology                          2.7  63.7  3.5  10.6  0.9  9.7  8.8 

Computer  hardware                    2.4  73.7  6.8  4.6  2.4  6.8  3.2 

Computer  software                     3.0  76.9  5.2  2.6  1.1  7.7  3.4 

Advanced  materials                    1.2  78.8  4.7  1.2  2.4  9.4  2.4 

Photonics  &  optics                     3.1  73.5  5.1  5.1  1.0  10.2  2.0 

Telecommunications                   3.2  59.7  8.1  2.2  1.6  19.9  5.4 

Weighted  average                     2.8  74.1  5.9  4.8  1.7  10.8 


NOTE:  Private  companies  formed  during  1980-89 

SOURCE:  Derived  from  the  CorpTech  data  base.  Corporate  Technology  Information  Services.  Inc..  V'/ellesley  Hills.  MA  (Rev  6  0.  1991). 

See  figure  6-25.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  7-1. 
Interest  in  selected  Issues 

issue  area                                                 Degree  of  interest  1979  1981  1983  1985  1988  1990 

Percent 

Very   24  35  30  33  33  48 

International  and  foreign  policy                     ModRrately   53  47  47  51  51  40 

Not  at  all   22  18  22  16  16  13 

Very   36  37  48  44  43  39 

New  scientific  discoveries                            Moderately   49  45  41  44  46  49 

Nolatall   15  17  11  13  12  12 

Very   35  52  57  48  48  51 

Economic  Issues  and  business  conditions         Moderately   48  37  33  41  42  40 

Not  at  all   17  10  10  11  10  10 

Very   33  33  42  39  40  39 

Use  of  new  inventions  and  technologies           Moderately   51  51  45  49  49  49 

Notatall   15  16  12  12  12  12 

Very   NA  25  27  29  34  26 

Space  exploration                                     Moderately   NA  44  45  46  47  48 

Notatall   NA  31  28  25  22  26 

Very   NA  NA  NA  G8  72  68 

New  medical  discoveries                             Moderately   NA  NA  NA  29  25  29 

Not  at  all   NA  NA  NA  3  3  3 

•    Very   NA  NA  43  47  47  55 

Military  and  defense  policy                           Moderately   NA  NA  42  42  42  35 

Notatall   NA  NA  15  11  11  10 

Very   NA  NA  NA  NA  NA  42 

Nuclear  power  issues                                  Moderately   NA  NA  NA  NA  NA  46 

Notatall   NA  NA  NA  NA  NA  14 

Very   NA  NA  NA  NA  NA  64 

Environmental  pollution                              Moderately   NA  NA  NA  NA  NA  31 

Notatall   NA  NA  NA  NA  NA  5 

"There  are  a  lot  of  issues  in  the  news  and  it  is  hard  to  keep  up  with  every  area  I'm  going  to  read  you  a  short  list  of  issues  and  for  each  one— as  I  read  it— I 
would  like  you  to  tell  me  if  you  are  very  interested,  moderately  interested,  or  not  at  all  interested. 

"Now,  I'd  like  to  go  through  this  list  with  you  again  and  for  each  issue  I'd  like  you  to  tell  me  if  you  are  very  well-tnformed.  moderately  well-informed,  or 
poorly  informed. " 

NA  -  not  asked 

NOTE.  Percentages  may  not  total  100  because  of  rounding. 

SOURCE:  J.D.  Miller.  Public  Attitudes  Toward  Science  and  Technology.  1979- 1990.  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scienttfic  Literacy.  Chicago  Academy  of  Sciences.  1991). 

See  figures  7-1  and  7-18  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  7-2. 

Knowledge  about  selected  issues 


IS5Ue  afca 

r)pnrpp  rkf  knn\/'lpHnp 

1Q7Q 

1983 

1985 

1988 

1990 

Percent 

X/prv  wpll-infnrmpH 

9 

17 

1  A 

1  ^ 

1  0 

14 

22 

International  and  foreign  policy 

Moderately  well-informed.  .  . 

.  54 

55 

51 

53 

55 

57 

Not  at  all  informed  

.  37 

28 

35 

32 

31 

22 

x/prv  wfill-infnrmpd 

10 

13 

1  J 

14 

14 

New  scientific  discoveries 

Moderately  well-Informed.  .  . 

.  52 

49 

53 

59 

55 

55 

Not  at  all  informed  

37 

38 

34 

27 

31 

31 

Very  well-informed  ... 

14 

29 

97 

do 

23 

2b 

Economic  issues  and  business 

Moderately  well-informod.  .  . 

.  55 

51 

52 

51 

55 

54 

conditions 

Not  at  all  informea  

.  31 

20 

20 

26 

22 

20 

x/prv  wptUinfnrmpH 

10 

1  \ 

1  A 

1  o 

13 

1 1 

Use  of  new  inventions  and 

Moderately  well-informed.  .  . 

.  50 

48 

55 

54 

51 

53 

technologies 

Not  at  all  Informed  

40 

40 

32 

34 

36 

35 

X/orv/  wplUinfnrmpH 

NA 

14 

1  T 

1  o 

1 A 

13 

1 1 

Space  exploration 

Moderately  well-informed.  .  . 

.  NA 

46 

53 

52 

53 

51 

Not  at  all  informed  

NA 

40 

34 

32 

34 

38 

x/prv/  wpll-infnrinpH 

NA 

NA 

MA 

22 

24 

New  medical  discoveries 

Moderately  well-informed.  .  . 

.  NA 

NA 

NA 

57 

59 

57 

Not  at  all  Informed  

NA 

NA 

NA 

18 

19 

20 

X/pr\/  wptt-infnrmpH 

NA 

NA 

9 1 
<i  1 

17 

26 

Military  and  defense  policy 

Moderately  well-informed.  .  . 

.  NA 

NA 

50 

48 

51 

51 

Not  at  all  informed  

NA 

NA 

29 

31 

32 

23 

x/prv  wfill-inffirmfid 

NA 

NA 

NA 

NA 

NA 

12 

Nuclear  power  issues 

Moderately  well-informed.  .  . 

.  NA 

NA 

NA 

NA 

NA 

50 

Not  at  all  informed  

NA 

NA 

NA 

NA 

NA 

38 

Very  well-informed  

,  NA 

NA 

NA 

NA 

NA 

32 

Environmental  pollution 

Moderately  well-informed.  .  . 

.  NA 

NA 

NA 

NA 

NA 

55 

Not  at  all  informed  

NA 

NA 

NA 

NA 

NA 

13 

''There  are  a  lot  of  issues  in  the  news  and  it  is  hard  to  keep  up  with  every  area  I'm  going  to  read  you  a  short  list  of  issues  and  for  each  one-  - as  I  read  it--l 
would  like  you  to  tell  me  if  you  are  very  interested,  moderately  interested,  or  not  at  all  interested. 

"Now.  I'd  like  to  go  through  this  list  with  you  again  and  for  each  issue  I'd  like  you  to  tell  me  if  you  are  very  well-informed,  moderately  well'infomied  or  poc^rly 
informed. " 
NA  -  not  asked 

NOTE;  Percentages  may  not  total  100  because  of  rounding. 

SOURCE:  J.O.  Miller.  Public  Attitudes  Toward  Science  and  Technology.  1979*1990,  Integrated  Codebook  (Chicago  Internationa!  Center  for  the  Advancetiicfit 
of  Scieniilic  Literacy.  Chicago  Academy  of  Sciences.  1991). 

See  figures  7-1  and  7-18.  Science  &  Engineering  Indicdtors  VJ9i 


Appendix  table  7-3. 
Media  use:  1990 

TV  news  viewership  Newspaper  readership  Newsmagazine  readership 

^  ^^^^        ^^^^  ^^^^^ 

Not                   Every       times           a            once  a 
Regularly    Occasionally       at  all  day        a  week        week  week  Regularly  Occasionally  Never  N 

Percent 

Tolalpublic   75  22  4  57  24  8  10  23  13  6^  2,033 

Gender 

Male    76  21  4  63  22  6  9  25  16  60  964 

Female    74  23  3  52  26  10  11  21  12  68  1,070 

Degree  level 

No  high  school  degree   77  19  4  53  20  10  17  10  9  81  495 

High  school  graduate'   73  24  3  55  27  8  9  24  14  63  1,179 

College  graduate   75  20  5  70  19  7  4  38  17  45  359 

Science  &  math  education 

Low                                  .73  23  3  54  23  10  13  16  11  74  1.263 

Medium                                   76  20  3  59  29  6  7  32  15  53  523 

High                                       76  19  5  70  22  5  4  40  25  36  248 

Aqe 

18-24                          .   ...     64  34  2  32  43  11  15  20  16  63  322 

2<,'34                                ,67  29  4  44  29  16  11  20  16  64  497 

3r,.4,i                                     73  23  4  60  26  5  10  26  15  59  366 

4S  64                              .       81  15  4  71  16  4  9  28  11  61  533 

65  and  older                              87  10  3  78  10  4  8  19  7  74  315 

RGsldencc 

lncorpo,.ito(J(:.ty   75  22  3  59  24  8  9  23  15  63  1.640 

(JninnorporaUKi.roa   73  22  5  51  24  10  15  23  8  69  392_ 

HI.  /•(/  hkc  10  rr.'id  ycm  j  short  list  nf  tolovision  shcms  dnd  ask  you  to  tell  me  whether  you  wotch  each  show  regularly-^th.it  is.  most  of  the  ttmo-  occasionally,  or  not  at  all.  A  morning  television  news  show?  An  evening 
tr!('\i:.ioti  ncivs  .^/roiv'M  lute  niqht  tolevtfuon  news  show'^ 

//f>iv  (yftrii  do  you  r(\i(f  a  newspaper,  every  day.  a  few  tmies  a  wejek.  once  a  week,  or  less  than  once  a  wcek'^ 
Aft  tnef '  anv  nuiaa/invs  thai  yon  rc.id  tcinnatly.  tlhit  is.  most  of  the  time?  Are  there  any  other  magazines  that  you  read  occasionally?" 
Norr  Pcrc.ontages  may  not  total  100  t^ccauso  of  rounding 
l?i':tii(i(<s  r<'*;pnn(.10nts  witti  associaln  dogrOGfi 

t  f)f     (?xplaiKitioii  ot  the  odiication  index,  sec  chapter  7.  "The  Science  and  Mathematics  Education  Index.  "  p.  172. 

SOUnf  a:  J  0  Miller  Mlir  Attitudes  Toward  Science  and  Technology.  1979  1990.  Integrated  Godebook  (Chicago-  International  Center  for  the  Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1991). 

, Science  A  Engineering  Indicators- 1991 
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Appendix  table  7-4. 

Informal  science  education:  1990 


Total  public . 

Gender 

Male  .  .  . 
Female  . 


Science  television  viewers.  ..p 


Science  magazine  readership 


Annual  science  museum  visits 


Regularly      Occasionally     Not  at  all        Regularly     Occasionally      Not  at  all     Two  or  more 


One 


22 


24 
20 


58 


58 
57 


21 


18 

23 


11 


13 
9 


Percent 
15 


21 
10 


74 


66 
81 


42 


43 
42 


17 


16 
18 


None 


41 


41 
40 


N 


2,033 


964 
1.070 


Degree  level 

No  high  school  degree 
High  school  graduate'  . 
College  graduate  .... 


Science  &  math  education 

Low   

Medium   

High  


Age 

18-24  .  .  . 
?AyM     .  .  .  . 

35-44  

4[)-64  .  . 
(35  ami  older. 


20 
24 
19 


21 
22 
26 


15 
20 
22 
25 
26 


54 
57 
63 


57 
60 
57 


61 
56 
62 
59 
49 


26 
19 
18 


22 
19 
17 


24 
24 
16 
15 
26 


10 
18 


7 
16 
20 


9 
11 
11 
13 

9 


7 
18 

20 


12 
19 
25 


19 
16 
20 
13 
9 


87 
72 
62 


81 
65 
56 


73 
73 
70 
74 
81 


20 
45 
64 


32 
56 
67 


56 
53 
50 
32 
19 


11 
21 
14 


17 
18 
15 


24 
17 
18 
17 
10 


70 
34 

22 


51 
26 
19 


20 
29 
33 
51 
71 


495 
1.179 
359 


1.263 
523 
248 


322 
497 
366 
533 
315 


Residence 

Incorporated  city .  .  .  . 
Unificorporatod  <i  oa 


22 
21 


58 
55 


20 
25 


11 
10 


17 
11 


73 
79 


45 

32 


17 
18 


38 

50 


1.640 
392 


I'i  I'kr  /(>  fc.id  vou.i  t^norf  hst  of  television  shows  unci  dsk  you  to  toll  mt^  whether  you  watch  each  show  regulcirly—that  is.  most  of  the  time-occasionally,  or  not  at  all.  Nova?  National  Geographic  specials? 

thofo  cinv  rfhu;.i/in('s  that  yon  re^d  roguUvly.  that  is.  most  of  the  time'^  Are  there  any  other  magazines  that  you  read  occasionally? 
7  ( 7  nir  n^.k  yon  nhont  yniir  i/sc  f      ^-('ums.  zoos,  ^md  simflar  fnstitutions.  I  am  going  to  read  you  a  short  list  of  places  and  ask  you  to  tell  me  how  many  times  you  visited  each  type  of  place  during  the  last  year,  that  is. 
f/;t»  Hst  1. '  months  4  saoorr  ot  h  ..h  iofogy  museum'^  A  /oo  or  aquarium'^  A  natural  history  museum?' 
NO  I  r  Pnrcmtafjo:-;  f'^.ijy  not  toia!  100  boCiUiRO  of  rounding 
Ifn  liifk",  rcsporKlcnts  with  associcite  cJogroos 

\  (M  ,ui  pxplciii.itiof!  of  lh(?  ofJtJCt-ition  index.  bOo  chapter  7.  'Tho  Science  and  Mathematics  Education  Index."  p  172. 

SOi.'UCt  :3  1 1)  Mihf.r  Puhhc  Attitudes  Toward  Science  and  Technology.  1979-1990.  Integrated  Codebook  (Chicago:  International  Center  for  the  Advancement  of  Scientific  Literacy.  Chicayo  Academy  of  Sciences. 
i'»-*1 1  .iPfl  iinpuhli'ifu'd  tabulatjuns 

Sr'c  fujuft'-.  f'-y  and  7-3  Science  &  Engineering  Indicators  -  1991 


51 

ERIC 


5  1 


Science  &  Engineering  Indicators  -  1991 


453 


Appendix  table  7-5. 

Understanding  of  scientific  concepts:  1990 


Scientific  Controlled 

study         Probability  study  N 

Percent 

70  72  2,033 


69  74  964 

71  70  1 .070 


55  51  495 

72  75  1,179 

82  88  359 


63  66  1,263 

79  79  523 

83  85  248 


79  64  322 

77  73  497 

76  79  366 

67  77  533 

45  62  315 


78  75  168 

81  77  148 

70  72  157 

70  72  323 

81  82  123 

74  76  412 


"In  your  own  words,  could  you  tell  me  what  it  means  to  study  something  scientifically? 

'•Now,  think  about  this  situation.  A  doctor  tells  a  couple  that  their  genetic  maheup  means  that  they  've  got 
one  in  four  chances  of  having  a  child  with  an  inherited  illness.  Does  this  mean  that  if  their  first  three 
children  are  healthy,  the  fourth  will  have  the  illness?  Does  this  mean  that  if  their  first  child  has  the  illness, 
the  next  three  will  not?  Does  this  mean  that  each  of  the  couple's  children  will  have  the  same  risk  of 
suffering  from  the  illness?  Does  this  mean  that  if  they  have  only  three  children,  none  will  have  the  illness? 

"Now.  think  about  this  problem.  Suppose  a  drug  used  to  treat  high  blood  pressure  is  suspected  of  having 
no  effect.  There  are  three  different  ways  scientists  might  use  to  investigate  this  problem.  First,  they  could 
tcilk  to  those  patients  who  have  used  the  drug  to  get  their  opinion  Second,  they  could  use  their  own 
knowledge  of  medicine  to  decide  how  good  the  drug  is.  Third,  they  could  give  the  drug  to  some 
patients  but  not  to  others,  then  compare  the  results  for  each  group.  Which  of  these  three  ways  do  you 
think  that  scientists  would  be  most  likely  to  use?" 

Includes  respondents  with  associate  degrees. 

•For  an  explanation  of  the  education  index,  see  chapter  7.  "The  Science  and  Mathematics 
Education  Index."  p.  172. 

SOURCES:  J.D  Miller.  Public  Attitudes  Toward  Science  and  Technology.  1979-1990,  Integrated 
Codebook  (Chicago:  Internationa!  Center  for  the  Advancement  ol  Scientillc  Literacy,  Chicago  Academy  of 
Sciences.  1991);  and  unpublished  tabulations. 
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Total  public   18 

Gender 

Male   19 

Female   17 

Degree  level 

No  high  school  degree   5 

High  school  graduate'   16 

College  graduate   43 

Science  &  math  education' 

Low   9 

Medium   26 

High   44 

Age 

18-24   22 

25-34   21 

35-44   24 

45-64   15 

65  and  older   7 

Attentive  publics 

New  scientific  discoveries   25 

New  technologies   22 

Nuclear  energy   19 

Medical  discoveries   15 

Space  exploration   28 

Environmental  pollution   22 
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Appendix  table  7-6. 

Understanding  of  environmental  concepts:  1990  * 


Acid  rain 

»»Wl\^  1  V41 1  1 

Ozone  hole 

Know 

Identify 

Identify 

Understand 

cause/ 

with 

Understand 

with 

Know 

term 

source 

pollution 

term 

pollution 

location 

N 

Percent 

Total  public  

6 

10 

31 

25 

18 

1 1 

2,033 

Gender 

Male  

9 

15 

33 

32 

18 

17 

964 

Female  

3 

5 

29 

19 

17 

5 

1.070 

Degree  level 

No  high  school  degree  .  .  , 

7 

20 

8 

10 

3 

495 

High  school  graduate'  

6 

9 

33 

27 

19 

10 

1,179 

College  graduate  

13 

16 

38 

39 

24 

22 

359 

Science  &  nfiath  education' 

3 

7 

27 

17 

15 

6 

1,263 

Medium  

8 

13 

36 

33 

21 

13 

523 

High  

16 

18 

41 

46 

25 

29 

248 

Age 

18-24  

4 

5 

38 

31 

21 

1 1 

322 

25-34  

5 

7 

29 

29 

17 

13 

497 

35-44  

8 

11 

34 

30 

20 

13 

366 

45-64  

2 

12 

28 

22 

18 

9 

533 

65  and  older  

3 

11 

25 

10 

11 

8 

315 

AHpntlvp  Dublics 

New  scientific  discoveries  .  , 

11 

18 

34 

37 

30 

24 

168 

New  lecnnologies  

11 

19 

33 

41 

23 

26 

148 

Nuclear  energy  

13 

20 

32 

37 

20 

14 

157 

Medical  discoveries  

7 

11 

33 

27 

22 

10 

323 

Space  exploration  

15 

21 

31 

49 

23 

30 

123 

Environmental  pollution .  .  . 

10 

13 

36 

33 

22 

17 

412 

"When  you  read  or  hear  the  term  acid  rain. '  do  you  have  a  clear  understanding  of  what  it  means,  a  general  sense  of  what  it  means,  or  little  understanding  of 
what  It  means  ?  What  is  the  primary  cause  of  acid  rain  ? 

"Recently,  there  have  been  news  reports  that  scientists  have  discovered  a  hole  in  the  ozone  layer.  Have  you  personally  read  or  heard  about  the  hole  in  the 
ozone  layer'>  In  regard  to  the  issue  about  the  hole  in  the  ozone  layer,  would  you  say  that  you  have  a  clear  understanding  of  the  issue,  a  general  sense  of  it,  or 
little  understanding  of  it?  Please  tell  me.  in  your  own  words,  why  is  there  a  hole  in  the  ozone  layer?  Do  you  know  where  the  hole  is  located?  Where  is  it 
located?" 

*  =  less  than  0.5  percent 

Includes  respondents  with  associate  degrees. 

For  an  explanation  of  the  education  index,  see  chapter  7,  The  Science  and  Mathematics  Education  Index."  p  172. 

SOURCES:  J. D.  Miller.  Pubhc  Attitudes  Toward  Science  and  Technology,  1979-1990.  Integrated  Codebook  {Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1991);  and  unpublished  tabulations. 
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Appendix  table  7-7. 

Public  attitudes  toward  science  and  technology 

(page  1  of  2) 


1979 

1983 

1985 

1  yoo 

1  yyu 

'  Percent 

A.  "Science  and  technology  are  making  our 

Agree  

94 

81 

85 

86 

85 

84 

lives  healthier,  easier,  and  more 

Disagree  

3 

16 

12 

11 

13 

13 

comfortable."' 

Don't  know/no  answer .  . 

3 

3 

3 

2 

2 

3 

B.  "The  quality  of  science  and  mathematics 

Agree  

NA 

NA 

NA 

63 

67 

72 

education  in  American  schools  is 

Disagree  

NA 

NA 

NA 

29 

25 

24 

inadequate." 

Don't  know/no  answer .  . 

NA 

NA 

NA 

8 

7 

4 

C.  "On  balance,  computers  and  factory 

Agree  

NA 

NA 

39 

48 

40 

39 

automation  will  create  more  jobs  than  they 

Disagree  

NA 

NA 

55 

44 

52 

53 

will  eliminate." 

Don't  know/no  answer.  . 

NA 

NA 

6 

8 

8 

8 

D.  "If  scientific  knowledge  is  explained 

MA 

MA 
INM 

NA 

65 

/  c 

/  O 

clearly,  most  people  will  be  able  to 

Disagree  

NA 

NA 

NA 

33 

27 

25 

understand  it." 

Don't  know/no  answer.  . 

NA 

NA 

NA 

2 

1 

2 

E.  "We  depend  too  much  on  science  and  not 

Agree  

50 

NA 

51 

57 

51 

51 

enough  on  faith.'" 

Disagree  

21 

NA 

46 

39 

43 

44 

1  0 

MA 

INM 

NA 

Kl  A 

NA 

NA 

NA 

Don't  know/no  answer ,  . 

•  16 

NA 

4 

5 

6 

5 

F.  "Even  if  it  brings  no  immediate  benefits. 

NA 

NA 

NA 

79 

81 

80 

scieniiTic  researcn  wnicn  aQvancBs  ine 

MA 

MA 

INM 

NA 

16 

1 

1  u 

frontiers  of  knowledge  is  necessary  and 

Don't  know/no  answer.  . 

NA 

NA 

NA 

5 

4 

4 

should  be  supported  by  the  Federal 

Government." 

o.  une  OT  me  oao  bttocis  ot  science  is  inai 

An  TOO 

o  / 

30 

37 

ot 

it  breaks  down  people's  ideas  of  right 

Disagree  

67 

56 

63 

57 

61 

59 

and  wrong."' 

Don't  know/no  answer.  . 

10 

7 

7 

7 

6 

7 

H.  "Scientists  should  be  allowed  to  do  research 

MA 
INM 

MA 
INM 

NA 

63 

Do 

Rn 

that  causes  pain  and  injury  to  animals  like 

Disagree  

NA 

NA 

NA 

30 

42 

44 

dogs  and  chimpanzees  if  it  produces  new 

Don't  know/no  answer .  . 

NA 

NA 

NA 

7 

5 

6 

information  about  human  health  problems."' 

1.  "It  is  not  important  for  me  to  know  about 

Agree  

NA 

NA 

NA 

NA 

14 

14 

science  in  my  daily  life." 

Disagree  

NA 

NA 

NA 

NA 

84 

86 

Don't  know/no  answer,  . 

NA 

NA 

NA 

NA 

1 

1 

J.  "Some  numbers  are  especially  lucky  for  some 

Agree  

NA 

NA 

NA 

43 

37 

36 

people." 

Disagree  

NA 

NA 

NA 

53 

59 

60 

Don't  know/no  answer.  . 

NA 

NA 

NA 

4 

5 

4 

K.  "Science  makes  our  way  of  life  change 

Agree  

43 

44 

46 

44 

40 

37 

too  fast."' 

Disagree  

51 

53 

52 

53 

59 

60 

Don't  know/no  answer.  . 

6 

3 

2 

3 

2 

3 

L.  "Most  scientists  want  to  work  on  things 

Agree  

90 

NA 

MA 
INM 

80 

80 

that  will  make  life  better  for  the 

Disagree  

5 

NA 

NA 

16 

17 

16 

average  person." 

Don't  know/no  answer.  . 

5 

NA 

NA 

4 

3 

4 

M.  "Rocket  launchlngs  and  other  space 

Agree  

NA 

NA 

NA 

44 

NA 

39 

activities  have  caused  changes  in 

Disagree  

NA 

NA 

NA 

44 

NA 

47 

our  weather." 

Don't  know/no  answer.  . 

NA 

NA 

NA 

12 

NA 

14 

N.  "It  is  not  wise  to  plan  ahead  because 

Agree  

NA 

NA 

NA 

24 

NA 

19 

many  things  turn  out  to  be  a  matter 

Disagree  

NA 

NA 

NA 

74 

NA 

80 

of  good  or  bad  luck  anyway." 

Don't  know/no  answer.  . 

NA 

NA 

NA 

2 

NA 

1 

(continued) 
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Appendix  table  7-7. 

Public  attitudes  toward  science  and  technology 

(page  2  of  2) 


1957      1979       1983       1985       1988  1990 


Percent 


"New  inventions  will  always  be  found  to 

Agree  

NA 

NA 

NA 

47 

NA 

37 

counteract  any  harmful  consequences 

Disagree  

NA 

NA 

NA 

45 

NA 

56 

of  technological  development." 

Don't  know/no  answer . . 

NA 

NA 

NA 

8 

NA 

7 

"Every  high  school  student  in  the  United 

Agree  

NA 

NA 

NA 

69 

NA 

73 

States  should  be  required  to  take  a 

Disagree  

NA 

NA 

NA 

28 

NA 

25 

science  course  every  year/' 

Don't  know/no  answer . . 

NA 

NA 

NA 

3 

NA 

2 

"Every  high  school  student  in  the  United 

NA 

NA 

NA 

87 

NA 

87 

States  should  be  required  to  take  a 

Disagree  

NA 

NA 

NA 

12 

NA 

12 

math  course  every  year." 

Don't  know/no  answer .  . 

NA 

NA 

NA 

1 

NA 

N  = 

1.919 

1.635 

1.631 

2.005 

2.041 

2.033 

NA  =  not  asked:  *  =  less  than  0.5  percent 

NOTE:  Percentages  may  not  total  100  because  of  rounding. 

'1957  and  1983  wording:  "Science  is  making . . . 1979  wording:  "Scientific  discoveries  are  making  ..." 

'1 957  wording:  '7/  has  been  said  that  we  depend  too  much  on  science  and  not  enough  on  faith.  How  do  you  personally  feel  about  that  statement ?"Th\s  was 
an  open-ended  question,  coded  by  the  iriterviewing  organization.  Those  who  responded  that  we  should  rely  more  on  faith  were  coded  as  agreeing,  those  who 
said  we  should  rely  more  on  science  were  coded  as  disagreeing:  those  who  thought  we  should  rely  on  both  or  who  saw  no  conflict  were  listed  as  "neither." 

M979  wording:  "Scientific  discoveries  tend  to  break  down  people's  ideas  of  right  and  wrong. " 

'1985  wording:  "Studies  (should  be  permitted)  that  cause  pain  and  injury  to  animals  like  dogs  and  chimpanzees,  but  which  produce  new  information  about 
human  disease  or  health  problems. " 

'1957.  1983,  and  1985  wording:  "One  trouble  with  science  is  that  it .  . 1979  wording:  "Scientific  discoveries  make  our  lives  change  too  fast." 

SOURCES:  Survey  Research  Center.  The  Public  Impact  of  Science  in  the  l^ass  Media:  A  Report  on      ition-Wide  Survey  for  the  National  Association  of 
Science  Writers  (Ann  Arbor.  Ml:  Inslllule  for  Social  Research.  University  of  Michigan.  1958):  and  J  '   ivliller.  Public  Attitudes  Toward  Science  and  Technology. 
1979-1990,  Integrated  Codebook  (Chicago;  International  Center  for  the  Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences,  1991). 


See  figures  7-5.  7-14.  7-15.  7-16.  and  7-17.  and  figures  0-24  and  0-25  in  Overview. 
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Appendix  table  7-8. 

Public  assessments  of  scientific  research 


Beneficial 

Harmful 

A/ 

Strongly 

Only 
slightly 

About 
equal" 

Only 
slightly 

Strongly 

Don't  know/ 
no  answer 

Percent 

Total  public 

1979. . 

.  .  46 

23 

13 

6 

4 

8 

1,635 

1981 . . 

.  .  42 

28 

12 

12 

5 

1 

1,536 

1985. . 

.  .  44 

24 

4 

13 

6 

9 

2.005 

1988. . 

.  .  53 

22 

5 

8 

4 

8 

1,042 

1990 . . 

no 
do 

7 

lU 

o 
O 

in 

Male 

1979. . 

.  .  51 

22 

10 

6 

3 

7 

773 

1981 . . 

.  .  48 

27 

10 

10 

5 

1 

724 

1985. . 

.  .  48 

22 

4 

13 

6 

7 

950 

1988. . 

.  .  56 

22 

5 

7 

4 

6 

498 

1990 . . 

.  .  54 

no 
do 

5 

Q 

A 

0 

Female 

1979. . 

.  .  42 

24 

17 

6 

4 

8 

862 

1981  .  . 

.  .  37 

28 

14 

14 

5 

2 

812 

1985.  . 

.  .  40 

25 

5 

14 

6 

10 

1,054 

1988.  . 

.  .  51 

21 

5 

9 

4 

10 

544 

1990. . 

.  .  40 

23 

9 

11 

o 
o 

1*» 

1  ,u/u 

Less  than  high 

1979. . 

.  .  26 

23 

17 

10 

6 

19 

465 

school  graduate 

1981 . . 

.  .  26 

23 

23 

18 

9 

2 

385 

1985. . 

.  .  20 

21 

8 

19 

13 

19 

507 

1988. . 

.  .  33 

24 

8 

15 

6 

14 

293 

1 990 .  . 

.  . 

no 

do 

11 

ID 

A 
*» 

dd 

High  school  graduate 

1979. . 

.  .  50 

25 

12 

5 

3 

3 

932 

or  some  college 

1981 . . 

.  .  43 

31 

9 

12 

4 

1 

886 

1985. . 

.  .  47 

25 

4 

13 

4 

7 

1,143 

1988. . 

.  .  56 

23 

4 

6 

4 

7 

574 

■i  nnA 

1990 . . 

. .  4y 

do 

D 

q 
o 

7 

1  17Q 

College  graduate 

1979. 

.  .  69 

17 

8 

2 

3 

1 

238 

1981 . . 

.  64 

22 

7 

4 

2 

• 

264 

1985 . . 

67 

dd 

o 
d 

D 

1 

J4y 

1988. . 

.  .  79 

14 

1 

2 

1 

3 

175 

1990. . 

.  .  70 

18 

3 

3 

1 

5 

359 

Attentive  public 

for  new  scientific 

1988. . 

.  .  60 

26 

4 

5 

3 

« 

81 

discoveries 

1990. . 

.  .  61 

19 

1 

5 

3 

11 

168 

"People  have  frequently  noted  that  scientific  research  has  produced  both  beneficial  and  harmful  consequences.  Would  you  say  that,  on  balance,  the  benefits  of 
scientific  research  have  outweighed  the  harmful  results,  or  have  the  harmful  result3  of  scientific  research  been  greater  than  its  benefits? 

"Would  you  say  that  the  balance  has  been  strongly  in  favor  of  beneficial  results,  or  only  slightly?  Would  you  say  that  the  balance  has  been  strongly  in  favor  of  harmful 
results,  or  only  s'ightly'^  " 

*  =  less  than  0.5  percent 

Offered  as  a  response  category  for  the  first  time  in  1990:  in  prior  years,  volunteered  by  respondent. 

SOURCES:  J.D  f\/)il'er.  Public  Attitudes  Toward  Science  and  Technology.  1979- 1990.  Integrated  Codebook  (Chicago:  International  Center  for  the  Advancement  of 
Scientific  Literacy.  Chicago  Academy  of  Sciences.  1991) :  and  unpublished  tabulations. 

See  figure  7-6  and  teKt  table  7-3.  Science  S  Engineering  Indicators  -  1991 
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Appendix  table  7-9. 

Public  confidence  in  people  running  various  institutions:  1973-90 


Institution 


1973    1974    1975    1976    1977    1978    1980    1982    1983    1984    1986    1987    1988    1989  1990 


Medicine   54 

Scientific  community   37 

U.S.  Supreme  Court   31 

Military   32 

Education   37 

Major  companies   29 

Organized  religion   35 

Press   23 

Average   35 


60 
45 
33 
40 
49 
31 
44 
26 

41 


50 
38 
31 
35 
31 
19 
24 
24 

31 


54 
43 
35 
39 
37 
22 
30 
28 

36 


51 
41 
35 
36 
41 
27 
40 
25 

37 


Percent 

46 

52 

45 

51 

50 

46 

52 

51 

46 

46 

36 

41 

38 

41 

44 

39 

45 

39 

40 

37 

28 

25 

30 

28 

33 

30 

36 

35 

34 

35 

29 

28 

31 

29 

36 

31 

34 

34 

32 

33 

28 

30 

33 

29 

28 

28 

35 

29 

30 

27 

22 

27 

23 

24 

30 

24 

30 

25 

24 

25 

31 

35 

32 

28 

31 

25 

29 

20 

22 

23 

20 

22 

18 

13 

17 

18 

18 

18 

17 

15 

30 

33 

31 

30 

34 

30 

35 

31 

31 

30 

532 

1,468 

1,506 

1,599 

989 

1,470 

1,466 

997 

1.035 

899 

*7  am  going  to  name  some  institutions  in  this  country.  As  far  as  the  people  running  these  institutions  are  concerned,  would  you  say  you  have  a  great  deal  of 
confidence,  only  some  confidence,  or  hardly  any  confidence  at  all  in  them?" 

NOTE:  Survey  was  not  conducted  in  1979  and  1981.  and  question  was  not  asked  in  1985. 

SOURCE:  National  Opinion  Research  Center,  General  Social  Sun/evs,  Cumulative  Codebook.  J.A.  Davis  and  T.W.  Smith,  principal  Investigators  (Chicago:  University 
of  Chicago,  annual  series). 

See  figure  7-7.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  7-10. 

Assessments  of  genetic  engineering  research:  1985  and  1990 


Benefits  exceed  risks 

About 
equal' 

Risks  exceed  benefits 

Don't  know/ 

roll  icoH  \r\ 

answer 

N 

Substantially 

\ji  iiy 

Slightly 

Substantially 

Only 
slightly 



■-  -  

  Percent 



Total  public 

1985  . 

.  .  23 

26 

2 

25 

12 

2.005 

.  .  20 

26 

5 

18 

18 

13 

2,033 

Male 

1985  . 

.  .  26 

27 

2 

22 

11 

950 

1990 

.  .  21 

30 

6 

16 

16 

11 

964 

Female 

1985  . 

.  .  19 

24 

1  *i 

27 

15 

1.054 

1QQ0 

.  .  19 

22 

4 

20 

20 

14 

1,070 

Less  than  high 

1985  . 

.  .  19 

28 

1 

12 

23 

17 

507 

oUilUUI  yjtaiMxMaW 

1QQ0 

.  .  16 

26 

/ 

ID 

15 

20 

495 

High  school  graduate 

1985 

.  .  21 

23 

2 

14 

27 

13 

1 ,143 

or  some  college 

1990 

.  .  19 

26 

4 

20 

21 

10 

1,179 

College  graduate 

1985 

.  .  32 

29 

2 

12 

18 

8 

349 

1990 

.  .  29 

25 

5 

15 

14 

12 

359 

Attentive  public 

for  new  scientific 

discoveries 

1990 

.  .  .  35 

28 

5 

12 

13 

7 

168 

Attentive  public  for 

323 

medical  discoveries 

1990 

.  .  .  31 

25 

3 

16 

13 

12 

"Some  persons  have  argued  that  the  creation  of  new  life  forms  through  genetic  engineering  research  constitutes  a  serious  risk,  while  other  persons  have 
argued  that  this  research  may  yield  major  benefits  for  society.  In  your  opinion,  are  the  risks  of  genetic  engineering  research  greater  than  the  benefits,  or  are 
the  benefits  greater  t:,an  the  risks?  Would  you  say  that  the  benefits  have  substantially  exceeded  the  risks,  or  only  slightly  exceeded  the  risks?  Would  you 
say  that  the  risks  have  substantially  exceeded  the  benefits,  or  only  slightly  exceeded  the  benefits?" 
NOTE:  Percentages  may  i  )t  total  100  because  of  rounding. 

'Offered  as  a  response  category  for  the  first  time  in  1990:  in  prior  years,  volunteered  by  respondent. 

SOURCES:  J.D.  Miller.  Public  Attitudes  Toward  Science  and  Technology,  1979- 1990,  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientifjc  Literacy,  Chicago  Academy  of  Sciences.  1991);  and  unpublished  tabulations. 

See  figure  7-8.  Science  &  Engineering  Indicators  -  199 1 
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Appendix  table  7-11. 

Assessments  of  nuclear  power:  1985, 1988,  and  1990 


Benefits  exceed  risks  Risks  exceed  benefits      Don  t  know/ 

About  refused  to 

Substantially     Slightly       equal"  Slightly       Substantially       answer  N 


Percent 


Total  public 

1985. . . 

.  28 

21 

1 

13 

31 

6 

2,005 

1 988 . .  . 

18 

23 

3 

17 

30 

9 

2.041 

1990. .  . 

24 

22 

5 

13 

28 

8 

2,033 

Male 

1985. .  . 

.  37 

21 

1 

9 

26 

6 

950 

1 988 .  .  . 

.  23 

26 

2 

15 

25 

9 

958 

1990. .  . 

31 

24 

5 

1 1 

26 

3 

964 

Female 

1985. ,  . 

.  18 

21 

2 

13 

3b 

8 

1.054 

1988. .  . 

14 

20 

3 

18 

32 

12 

1,083 

1990. .  . 

17 

21 

4 

15 

30 

13 

1,070 

Less  than  high 

1985.  .  . 

.  28 

21 

1 

14 

26 

11 

507 

school  graduate 

1 988 .  .  . 

15 

25 

4 

18 

25 

14 

530 

1990. .  . 

.  21 

20 

6 

13 

23 

18 

495 

High  school  graduate 

1985.  .  . 

.  27 

21 

2 

12 

32 

6 

1,143 

or  some  college 

1988.  .  . 

18 

22 

3 

17 

33 

9 

1,155 

1990. .  . 

.  23 

23 

4 

13 

32 

6 

1,179 

College  graduate 

1985.  .  . 

.  28 

21 

1 

12 

34 

4 

349 

1988.  .  . 

.  22 

23 

2 

14 

32 

8 

356 

1990. .  . 

.  31 

23 

4 

13 

25 

4 

359 

Attentive  public 

for  new  scientific 

1988.  .  . 

.  26 

34 

4 

16 

25 

4 

174 

discoveries 

1990.  .  . 

.  28 

31 

2 

10 

24 

5 

168 

Attentive  public 

1988.  .  . 

.  30 

17 

4 

12 

30 

5 

161 

for  nuclear  energy 

1990. .  . 

.  45 

13 

3 

7 

31 

1 

157 

Attentive  public 

1988. .  . 

.  31 

23 

6 

14 

23 

4 

144 

for  new  technologies 

1990. . . 

.  35 

21 

4 

7 

31 

2 

148 

Attentive  public  for 

environmental  Issues 

1990.  .  . 

.  23 

20 

6 

11 

34 

6 

412 

"In  the  c  Trent  debate  over  the  use  of  nuclear  reactors  to  generate  electricity,  there  is  broad  agreement  that  there  are  some  risks  and  som^  benetits 
associated  with  nuclear  power.  In  your  opinion,  are  the  risks  associated  with  nuclear  power  greater  than  the  benefits,  or  are  the  bent  fits  associated  with 
nuclear  power  greater  than  the  risks?  Would  you  say  that  the  benefits  have  substantially  exceeded  the  risks,  or  only  slightly  exceeded  the  nsks?  Would 
you  say  that  the  risks  substantially  exceed  the  benefits,  or  only  slightly  exceed  '^f?  benefits?" 

NOTE:  Percentages  may  not  total  100  because  of  rounding. 

'Offered  as  a  response  category  for  the  first  time  in  1990:  in  prior  years,  volunteered  by  respondent. 

SOURCES;  J.D.  Miller.  Public  Attitudes  Toward  Science  and  Technology.  1979-1990,  Integrated  Codebook  {Ohicago.  International  Center  for  the 
Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences,  1991);  and  unpublished  tabulations. 

See  figure  7-8.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  7-12. 

Assessments  of  the  space  program:  1985, 1988,  and  1990 


Benefits  exceed  costs 
Substantially  Slightly 

About 
equar 

Costs  exceed  benefits 
Slightly  Substantially 

Don't  know/ 
refused  to 
answer 

N 

-  Percent 



Total  public 

1985.  , 

.  .  27 

26 

2 

14 

24 

7 

2,005 

1988. . 

.  .  22 

24 

3 

18 

26 

9 

2,041 

1990. . 

.  .  18 

24 

5 

16 

31 

6 

2,033 

Male 

1985. . 

.  .  34 

29 

2 

12 

18 

5 

950 

1988. . 

.  .  28 

26 

4 

13 

22 

7 

958 

1990. . 

.  .  23 

25 

5 

15 

27 

5 

964 

Female 

1985. . 

.  .  21 

23 

3 

16 

30 

7 

1,054 

1988. . 

.  .  16 

22 

3 

22 

29 

8 

1,083 

1990. . 

.  .  14 

22 

4 

16 

35 

9 

1.070 

Less  than  high 

1985.  . 

.  .  22 

22 

3 

16 

26 

11 

507 

school  graduate 

1988. . 

.  .  15 

25 

3 

20 

29 

8 

530 

1990. . 

.  .  15 

20 

7 

15 

32 

11 

495 

High  school  graduate 

1985. . 

.  .  26 

27 

2 

14 

26 

5 

1.143 

or  some  college 

1988. . 

.  .  21 

23 

3 

17 

27 

9 

1.155 

1990. . 

.  .  17 

25 

3 

16 

33 

6 

1,179 

College  graduate 

1985. . 

.  .  36 

27 

2 

12 

17 

6 

349 

1988. 

.  .  33 

23 

3 

15 

16 

10 

356 

1990. 

26 

26 

5 

15 

24 

4 

359 

Attentive  public 

for  new  scientific 

1988. 

.  .  35 

24 

2 

11 

22 

5 

174 

discoveries 

1990. 

.  .  26 

35 

5 

14 

18 

2 

168 

Attentive  pubMc 

1988. 

.  .  33 

28 

1 

9 

23 

5 

144 

for  new  technologies 

1990. 

.  .  27 

31 

2 

12 

26 

2 

148 

Attentive  public  for 

1988. 

.  .  46 

28 

2 

7 

13 

2 

164 

space  exploration 

1990. 

.  .  35 

34 

3 

11 

15 

2 

123 

"MAny  cifrrent  issues  m  saence  and  technology  may  be  viewed  as  a  judgment  of  relative  risks  and  benefits,  or  costs  and  benefits.  Thinking  first  about  the 
space  prf.-Hj-am.  some  persons  have  argued  that  the  costs  of  the  space  program  have  exceeded  its  benefits,  while  other  people  have  argued  that  the 
benefits  of  space  f^'iplcrdtion  have  exceeded  its  costs.  In  your  opinion,  have  the  costs  of  space  exploration  exceeded  its  benefits,  or  have  the  benefits  of 
space  exploration  o/r^  ded  its  costs  ?  Would  you  say  that  the  benefits  have  substantially  exceeded  the  costs,  or  only  slightly  exceeded  the  costs  ?  Would 
you  say  that  the  cosry  mve  substantially  exceeded  the  benefits,  or  only  slightly  exceeded  the  benefits?"* 

NOTE:  'Percentages  may  not  total  100  because  of  rounding. 

'Offered  as  ^  response  category  for  the  first  time  in  1990:  in  prior  years,  volunteered  by  respondent. 

SOURCES  .  0  m\er.  Public  Attitudes  Toward  Science  and  Technology  1979-1990,  Integrated  Codobook  {Cf\\cago:  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1991);  and  unpublished  tabulations. 

See  figure  7-9.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  7-13. 

Assessments  of  U.S.  strength  in  education,  innovation,  and  science:  1987  and  1989 


Very 
strong 

Strong 

Weak 

Very 
weak 

Dont 
know 

N 

Percent 

uur  sysiem  ot  puDiic  eoucaiion 

1  QR7 

1  n 

OO 

7 

D 

A  OA  A 

1989  .  , 

.  .  12 

36 

41 

9 

2 

2.048 

Technical  and  engineering  innovation 

1987 

19 

51 

21 

2 

7 

4.244 

1989, , 

,  ,  ,  17 

52 

24 

3 

4 

2.048 

Scientific  researcn 

1989 

23 

56 

14 

2 

5 

2.048 

"Would  you  say  today  that  the  United  States  is  very  strong,  strong,  weak,  or  very  weak  compared  to  other  countries  m  the  following  areas'^ 

SOURCE:  Times  Mirror  Center  for  the  People  and  the  Press.  The  People.  Press,  and  Politics."  data  oiskette  (Washington,  DC  1989) 

See  figure  7-12.  Science  &  Engineering  Indicators 
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Appendix  table  7-14. 

Public  preferences  for  spending  in  the  United  States:  1973-90 


Space  exploration 
program 


Improving  and 
protecting  the 
environment 


improving  and 
protecting  the 
Nation's  health 


Dealing  with 
drug  addiction 


Improving  the 
Nation's  education 
system 


Military, 
armaments, 
and  defense 


Too  littie  

About  right  

Too  much  

Don't  know/no  answer . 

Too  little  

About  right  

Too  much  

Don't  know/no  answer . 

Too  little  

About  right  

Too  much  

Don't  know/no  answer . 

Too  little  

About  right  

Too  much  

Don't  know/no  answer . 

Too  little  

About  right  

Too  much  

Don't  know/no  answer . 

Too  little  

About  right  

Too  much  

Don't  know/no  answer . 


A/: 


1973 

1974 

1975 

1976 

1977 

1978 

1980 

1982 

198:3 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Percent 

7 

8 

7 

9 

10 

12 

18 

12 

14 

12 

1 1 

11 

16 

18 

15 

1 1 

29 

27 

30 

28 

34 

35 

34 

41 

40 

43 

44 

43 

38 

42 

44 

A  A 

44 

58 

61 

58 

60 

50 

47 

39 

40 

40 

39 

40 

41 

40 

34 

35 

39 

5 

4 

4 

3 

6 

6 

8 

6 

6 

6 

4 

5 

6 

6 

7 

6 

61 

59 

53 

55 

47 

52 

48 

50 

54 

58 

56 

59 

65 

65 

71 

71 

26 

26 

31 

31 

34 

33 

31 

32 

31 

32 

31 

29 

25 

26 

20 

19 

7 

8 

10 

9 

11 

10 

15 

11 

8 

4 

8 

5 

5 

5 

4 

5 

6 

7 

6 

5 

8 

5 

6 

7 

7 

5 

5 

7 

6 

5 

5 

6 

61 

64 

62 

60 

56 

55 

55 

56 

57 

57 

5c^ 

58 

67 

66 

68 

72 

31 

28 

28 

31 

32 

34 

34 

32 

34 

31 

33 

34 

26 

28 

25 

22 

5 

5 

5 

5 

7 

7 

8 

6 

5 

7 

6 

4 

4 

3 

3 

3 

4 

4 

4 

4 

5 

4 

4 

5 

4 

5 

3 

4 

3 

4 

4 

3 

65 

60 

55 

58 

54 

55 

59 

57 

59 

62 

62 

i.)8 

65 

68 

70 

64 

22 

28 

29 

27 

29 

31 

25 

27 

30 

27 

28 

31 

28 

24 

19 

26 

6 

6 

8 

8 

8 

9 

8 

8 

5 

6 

5 

6 

4 

4 

6 

7 

8 

6 

8 

7 

8 

5 

8 

8 

6 

5 

5 

5 

3 

4 

4 

4 

49 

50 

49 

50 

48 

52 

53 

56 

60 

63 

60 

60 

61 

63 

67 

71 

38 

37 

35 

37 

39 

34 

33 

32 

31 

31 

31 

32 

30 

29 

27 

23 

9 

8 

11 

9 

10 

11 

10 

8 

6 

3 

5 

4 

4 

3 

3 

4 

4 

4 

4 

5 

4 

4 

5 

3 

3 

4 

3 

3 

4 

4 

4 

11 

17 

17 

24 

24 

?7 

56 

29 

24 

17 

14 

16 

15 

16 

14 

10 

45 

45 

46 

42 

45 

43 

26 

36 

38 

41 

42 

38 

40 

40 

40 

42 

38 

31 

31 

27 

23 

22 

11 

30 

32 

38 

40 

40 

40 

38 

39 

42 

6 

7 

7 

7 

8 

8 

7 

5 

6 

4 

4 

5 

5 

6 

6 

6 

1.504 

1.484 

1.490 

1,499 

1,530 

1,532 

1,468 

1.506 

1.599 

490 

751 

730 

485 

718 

768 

674 

IV.'  .11,'  f.ic,  (i  •.•.III)  iv.WY  riroNnms  in  this  country,  none  ol  which  can  bo  solved  easily  or  inexpensively.  I'm  going  to  name  some  ol  these  problems,  and  tor  each  one  I'd  like  you  to  tell  me  whether  you  think  we're  spending  too 
nnich  monoy  on  it  foe  lilllo  rrwfit'y.  or  about  the  right  amoi'ni " 

MCn  f.S  Survey  was  not  condunted  in  1979  add  1981 .  Porcenlages  may  not  tolal  K"0  because  of  rounding 

sni  iHCr  N.iiion.il  Opinion  R(!sc;ircli  Cnnler.  General  Social  Surveys.  Cumulative  Codebook,  J  A.  Davis  and  T  W,  Smith,  principal  investigators  (Chicago:  University  o(  Chicago,  annual  series). 

S.M.  .,=,uro  /13  and  figure  0-2b  in  Overview.  ^  Engineering  Indicators  -  1991 
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Appendix  table  7-15. 

International  comparisons  of  public  attitudes  toward  science  and  technology 


A 

R 

c 

D 

E 

F 

G 

H 

N 

...   



—  

Percentage  who  agree 

,  .  80 

52 

46 

NA 

4d 

22 

NA 

NA 

1,000 

Europe'  

.  .  .  73 

27 

46 

74 

oy 

37 

34 

46 

1 1 .677 

68 

28 

35 

7n 
/U 

DO 

41 

39 

42 

1,000 

68 

29 

38 

DO 

34 

16 

40 

1  ,U  1 J 

.  .  76 

19 

45 

91 

58 

36 

44 

58 

1,004 

Great  Britain  

76 

27 

44 

83 

51 

29 

24 

42 

976 

.  84 

36 

52 

fo 

/  D 

45 

57 

57 

1,000 

irpiand  

70 

20 

45 

74 

54 

35 

28 

48 

1,006 

Ila'y  

71 

23 

55 

77 

65 

37 

40 

49 

1,022 

Luxembourg  

,  76 

23 

46 

78 

62 

27 

30 

41 

303 

The  Netherlands .  .  . 

75 

26 

42 

78 

60 

39 

23 

28 

1,025 

60 

26 

39 

49 

51 

33 

39 

43 

1.000 

67 

19 

57 

72 

70 

46 

38 

57 

1,001 

West  Germany .... 

74 

24 

38 

53 

53 

36 

29 

35 

1.024 

83 

39 

51 

80 

37 

14 

NA 

NA 

2,033 

A  "Science  and  technology  are  making  our  lives  healthier,  easier,  and  more  comfortable.  " 

B  "On  balance,  computers  and  factory  automation  will  create  more  jobs  than  they  will  eliminate. "  Canadian  wording:  "On  balance, 

more  jobs  will  be  created  than  lost  as  a  result  of  computers  and  factory  automation." 
C  "We  depend  too  much  on  science  and  not  enough  on  faith." 

D  "Even  if  it  brings  no  immediate  benefits,  scientific  research  which  advances  the  frontiers  of  knowledge  should  be  supported  by  the 

government." 
E  "Science  makes  our  way  of  life  change  too  fast. " 
F  *1t  IS  not  important  for  me  to  know  about  science  in  my  daily  life. " 
G  **Scientists  can  be  trusted  to  make  the  right  decisions." 
H  "The  benefits  of  science  are  greater  than  any  harmful  effects." 

NA  =:  not  asked 

'"Europe"  includes  300  respondents  from  Northern  Ireland  not  othenAfise  broken  out  here. 

SOURCES:  J.D.  Miller,  Public  Attitudes  Toward  Science  and  Technology.  1979-1990.  Integrated  Codebook  (Chicago:  International 
Center  for  the  Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1991):  E.F.  Einsledel.  Scientific  Literacy  A  Survey 
of  Adult  Canadians  (Calgary,  Alberta;  Graduate  Program  in  Communication  Studies,  University  of  Calgary.  1990):  and  Commission 
of  the  European  Communities,  unpublished  tabulations. 

See  figure  7-16.  Science  &  Engineering  Indicators  -1991 
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Appendix  table  7-16. 

Japanese  public  attitudes  toward  science  and  technology:  1990 


Strongly 
agree 


Agree 


Disagree 


Strongly 
disagree 


Not  sure/ 
don't  know 


1.  "Science  and  technology  are  making 
our  lives  healthier,  easier,  and 

more  comfortable."   14 

2.  "Science  and  technology  are  making 

our  jobs  more  interesting."   10 

3.  *The  widespread  use  of  robots  and 
computers  is  decreasing  the  number 

of  jobs."   12 

4.  "Science  and  technology  will  solve 
most  of  the  economic  and  social 

problems  we  face  today."   4 

5.  'The  study  of  science  and  mathematics 
in  school  is  helpful  in  developing 
students  ability  to  think  logically 

and  systematically."   7 

6.  "In  comparison  to  other  countries, 
Japan  doesn't  have  a  good  environment 
in  which  the  individual  creative 

scientist  can  work  and  develop."   14 


40 


32 


44 


20 


41 


44 


Percent 


26 


31 


28 


44 


27 


19 


Improved 


Not 
changed 


14 


13 


22 


13 


17 


18 


20 


Worsened 


Don't 
know 


7.  "Do  you  think  science  and  technology  have 
improved,  worsened,  or  not  changed  the 
following?" 

Our  standard  of  living  

Working  conditions  

Morality  


76 
48 
8 


15 
24 
35 


Positive 


About  the 
same 


3 
14 
38 


Negative 


6 

14 
20 


Don't 
know 


8,  "Science  and  technology  have  both  positive 
and  negative  effects.  Which  do  you  think 
has  been  greater— the  positive  effects 
or  the  negative  effects?'"  


53 


31 


10 


N  =  2.239 

NOTE:  Percentages  may  not  total  100  because  of  rounding. 

SOURCE:  Office  of  the  Prime  Minister  of  Japan.  Public  Relations  Office.  Opinion  Survey  on  Science.  Technology,  and  Society.  T.  Welch, 
translator  (Washington.  DC:  Science  Resources  Studies  Division,  National  Science  Foundation.  1991). 

See  figure  7-17.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  7-17. 

Interest  in  and  knowledge  about  science  and  technology  issues 


Percentage  very  interested  in  . . . 

New  New  New 

scientific       inventions  medical 
discoveries  and  technology  discoveries 


Percentage  very  well-informed  about . . . 

New  New  New 

scientific       inventions  medical 
discoveries  and  technology  discoveries 


N 


Canada' 


Italy 


Spain 


45 

38 

59 

16 

12 

29 

1,000 

34 

32 

41 

12 

12 

14 

11,677 

28 

28 

35 

12 

12 

13 

1,000 

28 

28 

30 

9 

11 

11 

1,013 

52 

48 

61 

18 

17 

22 

1,004 

36 

37 

43 

10 

11 

11 

976 

23 

20 

27 

5 

5 

6 

1,000 

28 

30 

32 

9 

10 

9 

1,006 

39 

34 

46 

18 

16 

23 

1.022 

42 

37 

41 

11 

12 

13 

303 

45 

46 

59 

13 

16 

20 

1,025 

21 

20 

25 

5 

5 

6 

1,000 

22 

22 

20 

7 

7 

6 

1,001 

24 

19 

32 

9 

10 

10 

1.024 

.  39 

39 

68 

14 

11 

24 

2,033 

The  Canadian  questionnaire  asked  about  interest  in  "stories  about  medicine  and  health." 
'"Europe"  Includes  300  respondents  from  Northern  Ireland  not  otherwise  broken  out  here. 

SOURCES:  J.D.  Miller.  Public  Attitudes  Toward  Science  and  Technology.  1979- 1990.  Integrated  Codebook  (Chiam:  international  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1991):  E.F.  Einsiedel,  Scientific  Literacy:  A  Sun^^y  of  Adult  Canadians  (Calgary. 
Alberta:  Graduate  Program  in  Communication  Studies,  University  of  Calgary,  1990);  and  Commission  of  the  European  Communities,  unpublished 
tabulations. 

See  figure  7-18.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  7-18. 

Canadian,  European,  and  U.S.  perceptions  of  astrology 


Very 
scienllfjc 


Belgium  . 
Denmark 


Italy 


Spam. 


Sort  of 
scientific 


Not  at  all 
scientific 


Percent 


Don't 
know 


N 


10 

35 

49 

7 

1,000 

14 

41 

32 

13 

11.677 

13 

3B 

35 

15 

1.000 

13 

48 

24 

15 

1 ,013 

11 

50 

31 

8 

1.004 

16 

38 

40 

7 

976 

18 

35 

25 

22 

1.000 

18 

34 

27 

21 

1.006 

12 

34 

40 

15 

1,022 

12 

50 

34 

6 

303 

11  . 

46 

31 

12 

1,025 

19 

29 

15 

27 

1,000 

30 

34 

16 

21 

1.001 

8 

46 

32 

14 

1.024 

6 

29 

60 

5 

2.033 

NOTE:  Percentages  may  not  total  100  because  of  rounding. 

"  Europe"  includes  300  respondents  from  Northern  Ireland  not  otherwise  broken  out  here. 

SOURCES:  J.D.  Miller.  Public  Attitudes  Toward  Science  and  Technology.  1979-1990.  Integrated  Codebook  (Chicago: 
International  Center  for  the  Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences.  1991);  E  E.  Einsiedel. 
Scientific  Literacy:  A  Survey  of  Adult  Canadians  (Calgary.  Alberla:  Graduate  Program  in  Communicalion  Studies. 
University  of  Calgary.  1990):  and  Commission  of  the  European  Communities,  unpublished  tabulations. 

See  figure  7-19.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  7-19. 

Canadian  and  U.S.  knowledge  of  science  and  technology 

Respondents  answering  correctly 


  Canada        United  States 

Percent 

A.  'The  center  of  the  earth  is  veiy  hot."   85  79 

B.  "The  oxygen  we  breathe  comes  from  plants."   80  85 

C.  ''Electrons  are  smaller  than  atoms."   47  41 

D.  "Hot  air  rises."   96  95 

E.  'The  continents  are  moving  slowly  about  on 

the  surface  of  the  earth   75  77 

F.  "Human  beings,  as  we  know  them  today. 

developed  from  earliei  groups  of  animals.  "    58  45 

G.  'The  earliest  humans  lived  at  the  same  time 

as  the  dinosaurs  "   46  47 

H.  "Which  travels  faster:  light  or  sound?"   74  76 

I.  "Lasers  work  by  focusing  sound  waves."   38  37 

J.  "Does  the  earth  go  around  the  sun,  or  does 

the  sun  go  around  the  earth?"   78  73 

K.  "How  long  does  it  take  for  the  earth  to  go 

around  the  sun?"'   51  49 


A/ ~  2,00c  2.033 


Number  of  questions  answered  correctly 

0                                                                   0.3  0.3 

1                                                                          0.5  0.7 

2                                                                          1.7  1.9 

3                                                                        3.8  5.2 

4                                                                       6.1  7.7 

5  10.0  11.3 

6  14.2  13.6 

7  16.3  15.2 

8  14.4  15.3 

9  13.7  12.3 

10  10.5  9.7 

11                                                                        8.8  6.7 

Mean  7.28  7.OO 

Alpha                                                                0.67  0.68 

Standard  deviation  2.31  2.37 


Canadian  wording  U.S.  wording  was  as  follows:  "The  continents  on  which  wg  live  have  been 
moving  their  location  for  millions  of  years  and  will  continue  to  move  in  the  future  " 

C  uiadian  wording.  U.S.  wording  was  as  follows:  ''Human  beings,  as  we  know  them  today, 
developed  from  earlier  species  of  animals  " 

Question  K  was  asked  if  J  was  answered  correctly. 

SOURCES:  E.F  Einsiedel.  Scientific  Litei^  /- A  Survey  of  Adult  Canadians  {Calqary,  Alberta: 
Graduate  Program  in  Conimunicallon  Stuu.us,  University  of  Calgary.  1990).  unpublished 
tabulations:  J.D.  Miller,  Public  Attitudes  Toward  Science  and  Technology.  1979-1990.  Integrated 
Codebook  (Chicago:  If.ternational  Center  for  the  Advancement  of  Scientific  Literacy.  Chic;=^go 
Academy  of  Sciences.  1991). 

See  figure  7-20.  Science  &  Engineering  Indicators  -  1991 
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Appendix  table  7-20. 

U.S.  and  European  knowledge  of  science  and  technology 


A 

Q 

D 

D 

E 

F 

G 

Li 

n 

1 

J 

A/ 

Percentage  answering  correctly 

Europe'  

85 

81 

41 

69 

47 

24 

37 

57 

83 

52 

11,677 

85 

66 

44 

65 

36 

17 

31 

51 

78 

50 

1.000 

Denmark  

91 

85 

35 

65 

54 

50 

40 

70 

81 

53 

1,013 

France  

87 

82 

46 

84 

49 

21 

33 

69 

84 

56 

1,004 

Great  Britain  

88 

76 

38 

76 

56 

40 

51 

73 

75 

45 

976 

78 

73 

45 

51 

24 

15 

17 

31 

81 

55 

1.000 

IrplonH 

R7 

V.'  1 

58 

42 

29 

29 

73 

Italy  

80 

89 

44 

72 

35 

11 

32 

54 

91 

58 

1.022 

Luxembourg  

85 

86 

48 

76 

59 

12 

41 

67 

86 

57 

303 

The  Netherlands  .  . 

87 

86 

43 

75 

56 

21 

50 

69 

77 

42 

1,025 

Portugal  

68 

73 

33 

40 

26 

6 

18 

25 

80 

42 

1.000 

Spain  

73 

71 

36 

60 

35 

24 

25 

44 

80 

55 

1.001 

West  Germany.  .  . . 

95 

89 

39 

59 

59 

30 

43 

49 

86 

51 

1,024 

United  Stales  

79 

85 

41 

77 

47 

30 

37 

63 

73 

48 

2,033 

Number  of  questions  answered  correctly' 

0123456789  10     Mean  Alpha  SD  N 

Percentage  of  respondents 

Denmark                     1.4     2.1     3.3     7.1      9.3     12.9    15.4    15.2     14.3    12.3  6.8     6.23  0.71  2.357  1,013 

GreatBrltain                 0.9     2.4    4.4     9.7      9.8      9.6    14  5    15.0     14.3    10.6  8.7    6.17  0.73  2.458  976 

Luxembourg                 0.3     3.0    4.6     5.3      9.6     12.9    15.5    16.5     17.8    10.6  4.0    6.17  0.70  2.245  303 

France                       0.4     1.4    3.6     7.0     10.6     14.2    17.4    17.1     13.8    11.3  3.2     6.11  0.65  2.125  1,004 

The  Netherlands            0.7     2.2     3.4     6.8     12.9     13.5    14.9    16.0     14.9    11.0  3.7     6.05  0.67  2.226  1,025 

WestGermany              0.1     0.9     3.0     9.5     13.1     16.9    17.0    13.6     11.6      8.3  6.1     5.97  0.64  2.145  1.024 

United  States               0.6     2.6    5.4     9.2     13.0     14.5    16.0    13.0     10.5      9.0  6.1     5.79  0.69  2.350  2.033 

EUROPE                     1.5     2.6     5.2     9.3     11.9     14.1     153     14.2     12.1      9.1  4.6     5.75  0.71  2.368  11,677 

Italy                           0.8     2.5     6.4     9.7     12.4     15.1    14.1     15.0     12.2      8.8  3.0     5.66  0.73  2.294  1,022 

Belgium                      2.7     3.3    6.8    11.5     14.1     14.8    15.7    12.8      9.2      6.6  2  5     5.24  0.69  2.355  1,000 

Ireland                        3.5     4.6     7.2    10.0     13.8     14.8    14.5     12.2      9.6      6.4  3.4     5.19  0.72  2.474  1,006 

Spain                         4.8     5.3     8.6    10.7     12.6     14.5    12  7    10.5      9.3      8.3  2.7     5.03  0.76  2.603  1,001 

Greece                       5.1     5.8    8.6    11.6     13.9     14.4    17.4    11.8      5.7      4.0  1.7     4.71  0.73  2.393  1,000 

Portugal                      8.0     9.3   13.2    12.2     12.7     14.7    11.0      83      7.2      2.9  0.5     4.09  0.77  2.481  1.000 

A  "The  center  of  the  earth  is  very  hot. " 

B  The  oxygen  we  breathe  comes  from  plants. " 

C  Electrons  are  smaller  than  atoms. " 

D  European  wording:  "The  continents  are  mov^g  slowly  about  on  the  surface  of  the  earth. "  U.S.  wording:  "The  continents  on  which  we  live  have  been  vmg 

their  location  for  millions  of  years  and  will  continue  to  move  in  the  future. " 
2  "The  earhest  humans  lived  at  the  same  time  as  the  dinosaurs. " 
F  Antibioticii  kill  viruses  as  well  as  bacteria." 
G  "Lasers  work  by  focusing  sound  waves. " 

H  European  wording:  "All  radioactivity  is  manmade. "  U  S.  wording:  "Is  all  radioactivity  manmade.  or  does  some  radioactivity  occur  naturally'^  " 
I  Voes  the  earth  go  around  the  sun.  or  does  the  sun  go  around  the  earth'^" 

J  (Asked  if  Question  I  waa  answered  correctly}  "How  long  does  it  take  for  the  earth  to  go  around  the  sun?" 
"Europe"'  includes  300  respondents  from  Northern  Ireland  not  otherwise  broken  out  here. 
Ranked  on  mean  number  of  questions  answered  correctly. 
SD  ~  standard  deviation. 

SOURCES  J.D.  Miller,  Public  Attitudes  Toward  Science  and  Technology.  1979-1990.  htegrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1991):  unpublished  tabulations:  and  Commission  of  the  European  Communities, 
unpublished  tabulations 

See  figure  7-21  and  figure  0-26  m  Overview.  Science  <S  Engineering  Indicators  -  1991 
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Appendix  table  7-21 . 

U.S.  public  assessments  of  U.S.  international  position  in  basic  scientific  achievements:  1990 


Europe  Japan     Soviet  Union 


1  1  c 

About 

1  1  Q 
U.o. 

1  1  Q 
U.O. 

MUUUl 

u  s 

Ahm  1  f 

U.S. 

is 

the 

is 

Don't 

is 

the 

is 

Don't 

is 

the 

is 

Don't 

ahead 

same 

behind 

know 

ahead 

same 

behind 

know 

ahead 

same 

behind 

know 

N 

Percent 

46 

36 

14 

4 

23 

25 

50 

3 

61 

28 

7 

3 

2.033 

Gender  .   

Male  

55 

30 

13 

2 

29 

25 

45 

1 

71 

22 

4 

2 

964 

Female  

38 

41 

15 

6 

18 

24 

54 

4 

52 

34 

10 

4 

1,070 

Degree  level  

495 

No  hinh  «;rhnnl  dpnrPS 

38 

36 

15 

10 

27 

24 

43 

6 

46 

39 

8 

7 

Hiqh  school  graduate  

47 

36 

15 

2 

20 

25 

55 

1 

62 

28 

8 

2 

1,179 

College  graduate  

53 

35 

10 

2 

31 

25 

43 

2 

79 

15 

4 

2 

359 

Science  &  math  education 

Low  

44 

36 

14 

6 

23 

26 

48 

3 

55 

33 

9 

4 

1.263 

50 

34 

15 

2 

22 

21 

56 

1 

67 

25 

6 

2 

523 

High 

49 

38 

11 

2 

28 

26 

45 

2 

82 

14 

4 

1 

248 

Age 

11 

1 

18-24  ....   

43 

38 

17 

3 

11 

22 

65 

1 

54 

35 

322 

i?fi-34  

45 

39 

12 

4 

20 

25 

51 

3 

60 

31 

7 

2 

497 

3f)-44  

53 

30 

15 

3 

24 

24 

51 

1 

68 

22 

8 

2 

366 

45-64   

47 

35 

14 

4 

32 

23 

44 

1 

63 

26 

8 

3 

533 

65  and  older  

42 

37 

14 

6 

25 

29 

39 

7 

59 

28 

4 

8 

315 

Attentive  publics 

168 

M(HV  scientit'C  discoveries  . 

55 

29 

16 

34 

23 

42 

* 

74 

20 

6 

Now  Uichnoloqies  

61 

27 

12 

33 

23 

44 

* 

78 

19 

3 

148 

NiK:l(?<ir  f)ol!cy  

56 

27 

17 

26 

27 

46 

* 

76 

22 

2 

157 

Medical  discoveries  

50 

33 

17 

26 

24 

50 

* 

64 

28 

8 

323 

Sf  ua'  ox[)loration. 

60 

34 

6 

38 

25 

38 

* 

77 

20 

2 

123 

Environmental  pollution .  . 

^\') 

34 

17 

27 

21 

52 

69 

27 

4 

412 

■Nr'.\  'otttir  ,iKk  you  M  thif}k  About  th(^  rvLitivo  posiOon  of  tfw  Unttcd  ShUcs  it)  tho  ^\'orlil  iti  lognrd  to  scicnca  and  tGchnology.  In  terms  of  basic  scientific  acfvevements.  would  you  say  tf^at  the  United 
stjtt*^.    .ih(\ui  of  Ftiinpa  (Japan.  Soviet  Union),  befvnd  Euiope  (Japan.  Soviet  Union],  oral  about  the  same  leveC^" 


M      111. in  0  f)  prrit.'ont 
NCM  f   f'pr(:unl,j()f^s  riKiy  iif){  Iota)  lOU  bociuso  of  rounding 
inrii lO'.pondcnts  with  .■ir>sor:ir<to  (lo(jrf?(M^ 

I  or  an  "xplanatu)n  of  tho  (.ufucation  truicx.  soc  chapter  /,  "Jho.  Scionco  and  Mathematics  Education  Index,"  p  \7'?.. 

;  •!  11 II  u:r  J  1 )  M.Mcr.  rubin:  AtdUalr^  Jtmnrd  Snrnco  and  Technology.  1979- 1990.  Integrated  Codebook  (Chicago:  International  Center  lor  the  Advaiicomont  of  Scientilic  Literacy.  Chicago 
A  .tdc'iy  ot  S(;ioik:cs.  1991 )  ijnpublished  tabulations. 
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Appendix  table  7-22. 

European  assessments  of  international  positions  in  science  and  technology:  1989 


United  Slates 

Japan 

N 

Europe  is 
more  advanced 

Europe  is 
less  advanced 

At  the           Europe  is 
same  level      more  advanced 

Europe  is 
less  advanced 

At  the 
same  level 

Scientific  discoveries 

Percent 

Europe'  

13 

46 

29 

27 

41 

18 

11,677 

Belgium 

14 

46 

26 

20 

44 

18 

1,000 

7 

45 

35 

15 

54 

17 

1,013 

France  

19 

34 

38 

28 

41 

21 

1.004 

Great  Britain  

18 

40 

32 

30 

41 

18 

976 

12 

61 

12 

14 

57 

11 

1,000 

Ireland  

10 

53 

23 

20 

47 

14 

1.006 

Italy  

8 

58 

22 

22 

48 

14 

1,022 

Luxembourg  

8 

44 

27 

22 

40 

15 

303 

The  Netherlands  .  ,  . 

14 

42 

33 

30 

41 

18 

1,025 

Portugal  

10 

42 

18 

15 

39 

15 

1.000 

Spain  

7 

66 

12 

14 

60 

7 

1.001 

West  Germany  .  .  .  . 

15 

38 

40 

39 

22 

30 

1.024 

Technology 

and  industry 

Europe*  

15 

42 

29 

13 

61 

14 

11.677 

Belgium 

12 

44 

26 

11 

55 

17 

1.000 

Denmark  

9 

44 

32 

7 

74 

8 

1.013 

France  

14 

39 

34 

14 

62 

14 

1.004 

Great  Britain  

21 

37 

31 

12 

67 

13 

976 

Greece  

12 

59 

12 

10 

62 

10 

1,000 

Ireland  

14 

47 

24 

11 

61 

11 

1,006 

Italy  

11 

49 

24 

10 

66 

10 

1.022 

Luxembourg  

14 

38 

25 

10 

55 

13 

303 

The  Netherlands  ,  . 

18 

34 

34 

11 

64 

15 

1.025 

Portugal  

8 

42 

20 

9 

47 

14 

1,000 

Spain  

5 

65 

13 

8 

68 

6 

1.001 

West  Germany  .  .  , 

23 

30 

38 

20 

49 

23 

1.024 

Technological  advances  applied  in  everyday 

life 

Europe'  

13 

47 

27 

19 

48 

19 

11.677 

Belgium  

10 

49 

25 

14 

46 

21 

1 ,000 

Denmark  

10 

43 

29 

15 

52 

16 

1.013 

France   

15 

40 

32 

18 

49 

19 

1,004 

Great  Bntain  

15 

49 

25 

20 

51 

17 

976 

Greece  

12 

57 

12 

11 

59 

10 

1,000 

Ireland  

9 

51 

23 

16 

49 

16 

1.006 

Italy  

8 

58 

20 

14 

58 

11 

1.022 

Luxembourg  

14 

44 

22 

15 

46 

18 

303 

The  Netherlands  .  . 

14 

43 

29 

23 

42 

21 

1,025 

Portugal  

7 

42 

20 

9 

45 

16 

1.000 

Spain  

6 

61 

13 

9 

60 

10 

1.001 

West  Germany  .  . 

18 

33 

39 

31 

26 

32 

1.024 

"For  onch  of  the  following  fields,  could  you  tell  me  whether  you  think  Europe  is  ahead  or  behind  or  at  the  same  level  as  the  United  States 
NOTE:  Nonresponses  and  ■"don  l  know"  are  omitted 

■  Europe'  includes  300  respondents  from  Northern  irclrind  not  otherwise  broken  out  here 
SOURCE  Commir>ion  of  the  European  Communities,  unpublished  tabulations. 
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Appendix  table  7-23. 

U.S.  public  assessments  of  U.S.  international  position  in  military  technology:  1990 


Europe 

U.S.      About  U.S. 

is         the  is 
ahead     same  behind 


Total  public   69 

Gender 

Male   78 

Female   61 


Don't 
know 


26 


19 
31 


U.S. 
is 

ahead 


71 


84 

59 


Japan 

About  U.S. 
the  is 
same  behind 


Percent 
18 


11 

25 


4 

10 


Don't 
know 


US 

is  the 
ahead  same 


Soviet  Union 
About 


U.S. 
is  Don't 
behind  know 


46  42 


54 

39 


37 
46 


8 
11 


N 


2,033 


964 
1.070 


Degree  level 

No  high  school  degree.  . 
High  school  graduate'  .  . 
College  graduate  

Science  &  math  education 

Low  

Medium  

High  


55 

37 

4 

4 

62 

22 

8 

8 

41 

43 

10 

7 

495 

71 

24 

3 

2 

71 

19 

8 

2 

45 

44 

10 

1 

1.179 

82 

15 

2 

2 

84 

9 

4 

3 

60 

33 

5 

2 

35t) 

64 

30 

4 

3 

65 

21 

9 

5 

43 

44 

9 

4 

1,263 

75 

21 

3 

2 

77 

15 

6 

2 

48 

41 

10 

1 

523 

86 

12 

1 

1 

87 

10 

3 

1 

61 

32 

6 

1 

248 

18-?4  

68 

25 

5 

2 

67 

20 

11 

2 

28 

58 

14 

1 

322 

25  34  

70 

25 

3 

2 

71 

18 

8 

3 

45 

44 

10 

1 

497 

3^)-44  

75 

22 

3 

1 

74 

18 

5 

3 

49 

40 

9 

1 

366 

4S-64  

70 

25 

3 

2 

7R 

14 

5 

2 

56 

34 

7 

3 

533 

65  and  older  

  61 

32 

2 

5 

5J 

24 

7 

10 

48 

37 

6 

9 

315 

Attentive  publics 


Now  scientific  discoveries  .  . 

77 

23 

1 

80 

15 

6 

54 

36 

10 

168 

Now  technologies  

74 

24 

1 

83 

10 

7 

59 

35 

6 

148 

Nu(:l(?nr  policy  

85 

15 

80 

16 

4 

66 

28 

6 

157 

Medical  discoveries   

77 

22 

2 

73 

21 

6 

52 

39 

10 

323 

Space  exploration  

79 

21 

1 

87 

11 

3 

58 

35 

7 

123 

f.invirofuncntal  pollution    .  .  . 

80 

19 

2 

79 

17 

5 

55 

38 

7 

412 

//♦  t(^rm<,  r-f  nMirv  technology.  \\'out6  you  tmy  that  the  United  States  fs  ahead  of  Europe  [Japan.  Soviet  Umonj.  behind  Europe  {Japan,  Soviet  Union},  or  at  about  the  same  ieveP  " 

Nf  jrt   P(}ri:f.'nlH(}rs  fiiay  fu;t  total  100  bociinso  of  founding 
In'.ljfJps  "-osporKioiiK  wilh  assocjc'ito  (iocjrnos 

( <j'  -iM  t?x|)l,in;it!(n\  of  lluj  oducMlion  indux  sof3  ohapt^^r  7  Thf.*  Scicucfj  nnd  Mdtheniatics  t-ducation  Indox."  p  17? 

SOUFU:l-  J  I)  M'HtM.  Puhiic  AViUiik}^  luwwni  Snciwr  and  Tochnology.  1979-1990.  Integrated  Codebook  (Chicago:  Inteffiational  Conlor  for  the  Advancomoni  of  Scienlific  Literacy.  Chicago 
A(  MdiM-v  ()'  Scioncub.  i^JfH)  iin|)ublKSfiod  tabulations. 
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Appendix  B.  Contributors  and  Reviewers 


The  following  persons  contributed  to  the  report  by  reviewing  chapters  or  sections,  providing  data,  or  other- 
wise  assisting  in  its  preparation,  llieirhelp  is  greatly  appreciated. 


Catherine  P.  Ailes,  SRI  International 
Alexander  W.  Astin,  University  of  California,  Los 
Angeles 

Harley  Balzer,  Cieorgetown  University 
Martin  Bauer,  Science  Museum,  Ia)ndon 
Rolf  Blank.  Council  of  Chief  State  School  Officers 
Carol  Bowman,  Times  Mirror  Center  for  the  People  and 
the  Press 

Sarah  Bray,  Council  for  Advancement  and  Support  of 

Kducation 
PaulT.  Brinkman,  University  of  Utah 
Morton  Brown,  UNESCO 
Donald  Buzzelli,  National  Science  Foundation 

(ienevieve  Canceill  Ministry  of  Education,  France 
David  Chananie,  National  Institutes  of  Health 
Brad  Chaney,  Westat 

Marianne  K.  Clarke,  National  Governors  Association 
Porter  Coggeshall,  National  Research  Council 

Melanie  Dalkilio,  Council  of  Chief  State  School  Officers 
Robert  C.  Dauffenbach,  University  of  Oklahoma 
Ulster  A.  Davis,  Department  of  Commerce 
U)uis  Marc  Ducharme,  Statistics  Canada 
John  Durant,  ^Science  Museum,  London 

David  Edson,  Mathematica  Policy  Research 
Edna  Einsiedel,  University  of  Calgaiy 
Martha  Firestine,  Walcoff  &  Associates 
Pamela  Ebert  Flattau,  National  Research  Council 
Foxon-Maddocks  Associates 
Susan  P'uhrman,  Rutgers  Univei  sity 

Joseph  (jannon.  National  Science  Foundation 
Mary  Golladay,  National  Science  Foundation 
S,  Gopinathan,  Institute  of  F^ducation,  Singapore 
Jerilee  Grandy,  PMucational  Testing  Service 
Kenneth  C.  (ireen.  University  of  Southern  California 
Margaret  Grucza,  Industrial  Research  Institute 

Anne  Hafner,  Southwest  Regional  Ixiboratory 
Ray  Hannapel,  National  Science  Foundation 
John  R.  Heizer,  Department  of  Conmierce 
Susan  Hill,  National  Science  Foundation 
Jim  Hirabayashi,  U.S.  Patent  and  Trademark  Office 

Myung  Kon  Kim,  Embassy  of  the  Republic  of  Korea 

Daniel  Koretz,  RAND  Corporation 

William  C.  Korn,  University  of  California,  U)s  Angeles 

Eric  Ix^ber,  American  ChcMiiical  Society 

IxMi  Ix^derman,  National  Sci(Mice  Foundation 

Albert  N.  Link,  University  of  North  Carolina,  Cireensboro 

Betty  Lipscomb,  Northern  Illinois  Univ(Tsity 

Linda  Lubrano,  The  American  University 

Shirl(*y  Malcom,  American  Association  for  the 
^       Advancement  of  Science 

hKJC 


Patricia  E.  McKinley,  National  Institutes  of  Health 
Margaret  Meredith,  American  Association  for  the 

Advancement  of  Science 
Jon  Miller,  Chicago  Academy  of  Sciences 
William  Miller,  SRI  International 
Susan  Mitchell,  National  Research  Council 
Richard  H.  Mullins,  Department  of  Connnerce 
Ina  Mullis,  Educational  Testing  Service 
Richard  Murnane,  Harvard  University 
Jane  S.  Myers,  U.S.  Patent  and  Trademark  Office 

Hajime  Nagahama,  National  Institute  of  Science  and 

Technology  Policy,  Tokyo 
Maresi  Nerad,  University  of  California,  Berkeley 
Jeannie  Oakes,  University  of  California,  I^s  Angeles 

Steven  Parker,  Corporate  Technology  Information 
Services,  Inc. 

C.T.  Peng,  Coordination  Council  for  North  American 

Affairs  (Taiwan) 
Paul  B.  Phelps,  Advanced  Development  Distribution, 

Inc. 

Don  I.  Phillips,  Government-University-Induslry 

Research  Roundtable 
Linda  Pifer,  Northern  Illinois  University 
Andrew  Porter,  University  of  Wisconsin 
Carl  E.  Pray,  Rutgers  University 

Senta  Raizen,The  Network,  Inc. 
A.R.  Rajeswari,  Department  of  Science  and  Technology, 
Delhi 

Robert  A.  Rivers,  lEEP^  Manpower  Connnittee 
Elizabeth  M.  Robertson,  Department  of  Commerce 
Andy  Rose,  American  Institute  for  Research 
Neil  Rosenthal,  Bureau  of  Labor  Statistics 
Jim  Rutherford,  American  Association  for  the 
Advancement  of  Science 

F.O.  Schulz,  Jr.,  Proctor  and  Gamble 
Merril  Shanks,  University  of  California,  Berkeley 
Carl  Shepherd,  Department  of  Commerce 
Carolyn  Sheltle,  National  Science  Foundation 
R.H.M.  Smulders,  Central  Bureau  of  Statistics,  The 

Netherlands 
Robert  Suchner,  Northern  Illinois  University 

Albert  H.  Teieh,  American  Association  for  the 

Advancement  of  Science 
Roland  Tibbetts,  National  Science  Foundation 

Wim  Van  De(*len,  Commission  ol  the  European 
Communities 

Allan  T.  Walters,  Temple  University 
Iris  Weiss,  Horizon  Research,  Inc. 
Wordscape 

Tetsuo  Yamane,  Ministry  of  Education,  Japan 
John  Ziinan,  Science  Policy  Support  Group,  b)ndon 


« 1  d  .  i 


Appendix  C 
Abbreviations 


ejIc 


476 


Appendix  C.  Abbreviations 


AAAS 

Aiut'i  ican  Association  for  the  i^dvanceivieiit 

NAEP 

National  Assessment  of  Educational 

of  Science 

Progress 

APL 

Applied  Physics  Laboratoiy 

NAS/NRC 

National  Academy  of  Science/National 

Research  Council 

CAI)/CAE 

coniputei'-aided  design  and  engineering 

NASA 

National  Aeronautics  and  Space 

CCSSO 

Council  of  Chief  State  School  Officers 

Administration 

CEHR 

Committee  on  Education  and  Human 

NCRA 

National  Cooperative  Research  Act  of  1984 

Resources 

NCTM 

National  Council  of  Teachers  of 

CFCs 

chlorofluorocarbons 

Mathematics 

CPRK 

Center  for  Policy  Research  in  Education 

NELS:88 

National  Education  Ix)ngitudinal  Study  of 

CKADA 

cooperative  research  and  development 

1988 

agreement 

NIH 

National  Institutes  of  Health 

NORC 

National  Opinion  Research  Center 

DCAA 

Defensi?  Contract  Audit  Agency 

NS&E 

natural  science  and  engineering 

DOC 

Department  of  Commerce 

NSF 

National  Science  Foundation 

1)01) 

Department  of  Defense 

DOK 

Department  of  Energy 

OECI) 

Organisation  for  Economic  Cooperation 

and  De\  'lopment 

\iC 

European  Community 

OES 

OccupatioK  il  P^niployment  Statistics 

OMB 

Office  of  Management  and  Budget 

VVWC 

fecuTally  luiulod  research  aiul  clevelopineiit 

center 

R&D 

rt^search  and  development 

ITPA 

Federal  1  VchnoloKY  Transfer  Act 

R&E 

research  and  experimentation 

VY 

fiscal  year 

W)T&E 

research,  development,  test,  and  evaluation 

(;nf 

Kross  national  product 

S&T 

science  and  technology 

(JSP 

gross  stale  product 

SASS 

Schools  and  Staffing  Survey 

(rSS 

(leneral  Social  Survey 

SAf 

Scholastic  Aptitude  Test 

GUF 

general  university  funds 

SHA 

Small  Business  Administration 

SlilR 

Small  Business  Innovation  Research 

HD'IY 

high-definition  television 

si-:s 

socioeconomic  status 

HHS 

Department  of  Health  and  Human  Sei'vices 

SIC 

Standard  Industrial  Classification 

SIR 

statutory  invention  registration 

IR&I) 

independent  lesearch  and  developnienl 

SME 

science,  inathematics,  and  engineering 

ISIC 

M  •          lr»4        1       111  i'l 

International  Standard  Industrial 

ss&c 

Scope,  Sequence,  and  Coordination  project 

Classification 

USDA 

Department  of  Agriculture 

JKV 

joint  research  and  develoi)inent  venture 

liiAY 

Ljngitudinal  Study  of  American  Youth 
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AAAS  (AnuMican  Associjitinn  tor  the 
AdvanccnuMit  ol  SfUMinO.  'My 

Acadoinic  dej^Tet's.  See  DeKi  ees. 

Academic  earmarking.  119 

Academic  R&D,  Sec  also  Applit^d  research: 
Basic  research;  I/evelopnieiil:  huhis- 
trial  RtSiD:  Research  and  develop- 
ment. 

n^v  structure  of  researchers.  128, 
:i7H-379 

doctoral  scientists  and  enj^inecTs  in. 

1 24-1 L^).  375-38:* 
taciliti(*s  and  instrumentation  spending' 

for.  363-3(>9 
fundinKfor 
by  character  of  work.  1 1().  347-349 
by  field.  117-118.  3r>4-3'='.8 
by  states.  10r)-l(»7.  335-33H 
distribution  of  funds.  117. 118.331-353 
expenditures  per  researcher.  V2\) 
Federal  support.  11()-1LM.  IL'i).  34K-353. 

359-303. 382-383 
indirect  costs.  lU)- 120.  ILM 
national  context  of,  1  Hi.  347-349 
national  spendinj^^  |)atterns.  l-r).  9(M)!i. 
3(M>-311 

sources  of  lunds.  10.  11.  11()-117.  118. 
348-353 

jjeo^rapliic  distribution  of.  121.  125. 

373-374 
graduate  students     lao.  384-387 
hijjhlikdits.  I14-lir> 

institutional  base  for.  12.V12 1.  370-372 
literature  from.  See  Literature, 
overview  of.  2.9-10. 11 
participation  of  researchers.  128. 380-381 
patents  resultiuK  from.  i;^0-i:U.  390-3i»V) 
Acid  rain,  public  knowled^^e  of.  171^.  454 
Aeronaulical/astronautical  en^dneerinj^ 
academic  \i&\) 
doctoral  researcher  s.  12 1-12*>.  375 
expenditures  for.  1 17-1 18.  354-358 
Federal  oblijjalions  for.  1 19. 3<>2-3<)3 
bachelors  (h  ^n'ees  in.  272 
doctoral  recipients  in.  7^>-7\),  28<>-29(> 
masters  dejs'rees  in.  273 
K&Djobs  in.71.72.2(>7-271 
recent  StS:K  ^t'aduates  in.  72-7").  272-285 
salaries  for  recent  ^jraduates  in.  72-74. 
274-275 

scientists  and  engineers  employed  in.  6. 
07-72.267-271 
Aerospace.  S^rl\  jobs  in.  (>8.  ()9 
African  Americuns.  See  Hhick  Americans. 
Agricultural  sciences,  baccalaureate  institu- 
tions of  doctorate  recii)ients,  47-48. 
226 

y\i;riculture.  (le^n/es  in.  84-8.1.  303-304 
Ajjriculture.  Department  of  (IISDA) 

academic  \<isi\)  expenditures.  118-120. 
359-363 

CHADAs.  102.  liKi 

investment  in  precollej^je  s(  lence/mathe- 

matics  education.  222 
K&l)  support.  94-97.  313-318 
SHIH  awards.  97.327 
/Vriculture  \<^[),  funding?  for.  101. 333 
Alaskan  Natives,  precoliej^je  science  class- 
room experiments.  29.  220 
American  Association  for  the  Advancement 

f»f  Science  (/\Ai\S).  IJIi 
American  hidians.  .SVr  Nativi*  AnuM  icans. 
Animals,  public  attitudes  to  research  with. 
181.  182.  455-456 

o 
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Applied  research.  .SVr  also  Academic  \<&\): 
Masic  research;  Development;  indus- 
trial \<^D\  Research  and  develop- 
nuMit. 
defined.  91 

Federal  obii^'ations  for.  94-97.  313.  315. 

318-320.324-326 
fundinj.?  for,  IK),  347 

national  spendinj.:  patterns.  4-1").  92.  9i?. 
310.312 

Architectural  services.  S&K  jobs  in,  70 

Articles.  See  Literature. 

Asia 

hiKdi-teclmoloj.jy  prfxlucls.  royalties  and 

license  fees.  14(^-142.411 
iinmiKMant  scientists  and  enj^ineers  from. 

8:5,  297 

NSc^'K  bachelors  dej^rees  awarded  in. 

r)!M)2.  263-264.  266 
|/(;j)ulation  of  20-  to  24-year-olds.  61.  265 
Asian  .'\mericans 
dej^rees 
Imchelors.  ill.  2'Mi 
doctcnal.T).").  248-249 
masters.  r)4.  245 
doctoral  academic  researchers.  12()-128. 

129.  37<>-377 
doctoral  Sc^-K  employment.  78-79. 

288-289 
K'raduate  enrollments.  r>3. 240 
precoll(*j^e  enrollments.  2().  217-218 
precoll(*j^(*  science  classroom  experi- 
ments. 29.  220 
salaries  for  recent  S^iK  j^raduates.  74. 
274-275 

Astroloj^y.  public  attitudes  toward.  18I)-187. 
467 

Astronautical  enj^ineerinxi.  Sec  Aeronauli- 
cal/astronautical enj^ineerinj^. 
Attitudes,  public.  See  Public  attitudes  toward 

Australia,  advanced  technoloj^y  use,  ir);")-!.".?. 
445 

Hachelors  dej^rees.  See  I)(*j^n*ees.  bachelors. 
Balance  of  trade.  10.  11. 140. 141.409-tlO 
Basic  research.  Srv  also  Aca(l(Mnic  li&\): 
Applied  research;  Development;  In- 
dustrial Kt^'l);  Research  and  (levelo|> 
ment. 
defined.  91 

Federal  obli^jations  for.  94-97.  313.  315. 
317-323 

funding  for.  10.  11.  100.  108.  IK).  331. 

344.  347.  456 
national  spending'  patterns,  4-5*  92.  \)\\, 
309.  312 
Behavioral  sciences 
bachekn's  dej^rees  in, 
freshman  intentions  as  predictors  of  bach- 
elors de^jrees  in.  52.  238 
Bel^num 

patents  j^ranted  to  inventors  from. 

147-149.  430.  431 
public  attitudes  toward  S(."<:  1*.  182-184. 

464 

astroloK>'.  18(i-187.  467 
issues,  attention  to.  18fi.  466 
scientific  conclusions.  187-188.  4  69 
F/KdojLjical  sciences.  .SVr  also  Fife  sciences, 
baccalaureate  institutions  of  doctorate 

recipients.  47-48.  226 
freshman  |)lannetl  major  in.  9.  49.  229 


prec(»llej^T  studit»s.  qualillcaiions  of  teach- 
ers. :\\,:V2 
projected  job  ^n'owth  in.  80-S'^ 
Hiolo^jN' 

articles  in.  I2i>-130.  3H8-389 
precollej^e  studies,  enrollnunts  in.  2r)-2li. 
211.217 

Biomedical  research,  articles  in.  129-130. 
388-389 

Black  AnuM'icans.  See  also  Fthnic  ccnnpar- 
is(nis. 
(lej^rees 
bachelors,  ol.  236 
doctcn  al,  .5r>.  248-249 
masters.  54,  245 
doctoral  academic  researchers,  12t>-128, 

129,37<>-377 
doctoral  Sc^l-    eniployment.  78-79. 
288-289 

intended  majtns  of  top  mathematics  S/VF 

scorn>  ,  2:1,209-210 
precollejrc  enrollments,  2(>,  211-212. 

217-218 

precolle^e  science  classroom  experi- 
ments, 29.  220 
precollej^e  students 
j^eoj^raphy  proficiency.  20-21 
mathematics  proficiency.  18.  202.  204 
science  proficiency.  17.  199.201 
SiS:F  graduate  enrollments.  .53-54.  240 
salaries  for  recent  S<!s:F.  j^raduates.  74. 
274-275 

Brazil.  i)atents  j^ranted  to  foreij^ners.  1:50. 

440-44 1 
Britain.  .SVrl'nited  Kinj^doni. 
British  C*olund)ia.  See  Canada. 
Budget  authority,  defined,  91 
Business.  See  also  Industry. 

freshman  planned  career  in,  49-50.  231 
as  intend(>(l  major  of  top  mathematics  SAT 

sc(n-ers.  22-23,  2(m;-210 
small.  See  Hij^h-teclmoloj^y  companies, 
small  business. 
Business  conditions,  public  attitude^  toward. 
449.  450 

Business  and  related  semces.  S&V.  jobs  in. 
69,  70,  269 

Canada 

advanced  technoloj^'  use.  1;5;5-157,  445 
articles  in  S&'1\  10.  i;JO.  388. 389 
(il)F  |HT  capita.  400 

hikdi-technok)jo'  company  ownership.  448 
luKh-technoloj^y  products,  royalties  and 

license  fees' 140-142,  41 1-^114 
immij^rant  scientists  and  enj^ineers  from, 

8:J.  297 

NSX-F!  bachelors  dejijrees  awarded  in. 

60-(i2.  263,266 
patents 

jrrants  to  inventors  fnmi,  147-149.  430, 
431 

interpatent  citations.  1.53. 442 
public  attitudes  toward  S(S:T.  182-184. 
464 

astrolo^jy.  18li-187.  467 
issues,  attenlio»i  to.  18().  466 
scii'inillc  conclusi«)ns.  187.  468 
K^:l)  expenditures  in  the  T.S.  by,  110, 
346 

C  arnej^ne  elassificali<m.  15-  Wi,  17.  22;<'-226 
CCSSO  (Council  of  Chief  State  School 
()fticers),2(i 


Science  &  Engineering  Indicators  -1991 


I'enltM-  lor  Policv  Rcscaivh  in  Kduoalion 

(CPKIO  sliidy. 
Ccnlral  AnuTioa.  ininiiKranl  scicnlisls  and 

(MiKiiH'crs  from,  iS:i.  25>7 
CliallcnjitM*  accidenl.  piibht*  reatiion  to, 

CluMiiioal  (MiKiiU'crinj^ 

academic'  R&D 
dotMoral  rcscarcluT};.  11!  1-129.  'MT^ 
cxiuMidilurcs  for.  117-1  IS,  354-:iri8 
Federal  obliK'alions  for.  lU).  'M2-'MVA 

bachelors  de^'rees  in.  272 

doctoral  recii)ienls  in,  7.V7V).  28<>-25M) 

masters  de^jrces  in. 

RiVcDjobs  in.  71.7L\  2H7-271 

recent  S&K  graduates  in.  72-7.^.  272-285 

salaries  for  recent  ^'raduales  in.  72-71. 
274-275 

scientists  and  en^jineers  employed  in.  li. 
(i7-72.  267-271 
Chemicals  and  allied  |)roducls.  SiV?M  jobs  in. 
(W.  271 

ChemistiT 

articles  in.  129-i:*.l).  :W8-:W9 
precollej^e  enrollments.  2r>-2(i.  211.217 

China 

immiKrant  scientists  and  en^jiiieers  from. 
Kl.  297 

NSiVrK  bachtdors  de^jrees  awarded  in, 

()0-r)2.  263-204.  266 
population  of  2()-  to  24-year-ol(ls.  (il.  2(55 
Civil  enj^ineerinj^ 
academic  Ri!C'!) 
docttjral  researchers.  121-129.  :i75 
expenditures  for.  117-1  IS.  :i54-:<58 
Federal  oblijiations  for.  119.  MYZ-MVA 
bachelors  de^jrees  in.  272 
doctoral  recipients  in.  7">-79.  286-296 
masters  dej^rees  in.  27'^ 
rect  nt  SiJcF  graduates  in.  72-75. 272-285 
salaries  f(»r  recent  jjraduates  in.  72-74. 
274-275 

scientists  and  en^jineeri'.  employed  in.  (). 
67-72.  267-271 
Clinical  medicine,  articles  in.  I29-i:i9. 
:WH-:i89 

Clinical  |)sycholoKisi.  freshman  planned 

career  as,  49-50. 2;n 
C<)llej,'e  decrees.  See  Dejjrees. 
Colle^je  students.  Sec  Students,  ^^raduate  and 

under^jraduate. 
Collejjes  and  universities 

Carnej^ie  classification  of.  45-11).  17. 

223-226 
Conjiressicjnal  earmarking,'  to.  1 19 
Knrollments  in 
jjraduate.  52-51.  .5K-.59.  239-24H.  2(50 
nnderjiraduale.  IS.  50.  51,  234 
Federal  R.S:!)  obligations  to.  95.  318-320 
^eojiraphic  distribution  of  R^:l)  funds. 

103.335-336 
patents  awarded  to.  i:;0-i:n.  390-399 
RiVci )  in.  .SVc  Academic 
Connnerce.  I)e|)ai1ment  of  (DOC) 
CRADAs.  102.  103 
l)()C-3  classification  of  industries. 
investment  in  precolle^'e  seience/mallu^ 

niatics  education.  222 
Ri!Cd)  sui)porl.  9M)7.  313-318 
SHIR  awards.  97.  327 
Communications.  S^KrK  jobs  in.  70.  268 
Competitiveness  in  world  markets.  Sec 

(ilobal  marketplace. 
Computer  |>roKrammer.  freshman  planned 

career  as.  U)-.50.231 
(.  omputer  sciences 
academic  R^ICI) 
.9^-  doctoral  researchers.  12 1-129. 375-383 


expenditures  for.  117-1  IS.  123-124. 

3.>|.-358. 370 
facilities  and  instrument  s|)en(lin^. 

120-123.  364  -3(58 
Federal  obligations  for.  119.  362-3()3 
Federal  suppoH.  129.  382 
Keoj^raphic  distribution  of.  121. 125,373 
RAsfor.  i;^0.  384-385 
baccalaureate  institutions  of  doctorate 

reci|)ients.  47-lS.  226 
(li"«rees 

bachelors.  8.  50-51.  235-238.  272 
doctoral.  54. 5r>-56.  247-248 
masters.  .5:i-55,  244-246.  273 
doctoral  recipients  in.  9.  59.  75-79. 

261-262. 286-296 
I'ederal  obli^jations  for  research  in.  95-97. 
321-326 

freshman  intentions  as  predictors  of  bach- 
elors (leKi  ees  in.  52,  238 
freshman  i)lanned  major  in.  9.  49.  229 
^jraduale  enrolhnents  in.  52-54,  5<S-59. 

239-243.  2(50 
^'raduale  student  financial  suijport.  57-5S. 

252.  254 
imml^jrantsin.s:!.  297 
as  intended  major  of  top  mathematics 

SAT  scorers.  22-2:i.  2()(»-210 
projected  job  >{rowth  in.  S0-S2 
recent  SJC-F  ^jraduates  in.  72-75.  272-285 
salaries  lor  recent  ^jraduates  in.  72-74. 
274-275 
Computer  services.  Sv^'F  jobs  in.  70 
Cominiter  specialists 

dominance  of  science  employment 

^'rowth.  70 
KiM  f)jobs.71.72.  2(57-271 
scientists  and  enj^ineers  employed  as.  I). 
()7-72.  267-271 
Conj^ressional  earmarkin.u  to  collej^es  and 

universities.  119 
Consortia.  Sec  U&D  consortia. 
Construction.  ScS;F  jobs  in.  ()9.  70. 268 
Cooperative  research  and  development 

agreements  (CIWDAs).  102.  lOli 
Council  of  Chief  State  School  Officers 

(CCSS()).2(i 
CFRF  (Center  for  Policy  Research  in 

Fducation)  study.  :S^:^9 
CR/\I)As  (cooi)erative  n  search  and  develoi> 
nient  a^'reements).  102.  10!^ 

Data  processing'  seivices.  SIC-F  jobs  in.  70 
Defense.  |)e|)anment  of  (DODJ 

academic  K^U  exi)enditnres.  llS-j21. 
359-363 

CRXDAs.  102.  io:i 

investment  in  precolle^e  science/inathe- 

niatics  education.  222 
IRc'C'l)  program.  9K-W.  IVMt,  329 
Rc'Cl)sui)port.  94-97.  313-318 
Sc'CrF  ^'raduate  student  financial  support. 

57-.5S.  252-253.  25t>-258 
SHIR  awards.  97.327 
Defense  policy,  public  attitude  toward.  1()S. 

449.  450 

Defense  R\l).  Imi(lin«  for.  99-l(M).  .330-331 
Defense  spending,  public  preferences  for, 

1SU4(53 
Dejs'rees 
bacheli)rs 
by  Carne);ie  classification,  hi.  223 
NSi"(:F   dejLjrets   awarded.  59-(i2, 

2(53-264.2(56 
Si^::F  dcKrces  awarded.  S.  4().  50-52. 
223.  235^  238.  272 
doctoral 

57^ 


baccalaureate  institutions  of  recipients. 

47-^liS.  226 
by  Canu'Kie  classification.  4().  47.  225 
foreign  recipients  of.  9.  59.  261-262 
NSilC'F.  8,^,304 

ratio  of  awards  to  bachelors  de^jrees.  56. 
251 

SiS:F  de^jrees  awarded.  4().  47.  54.  55-5(i. 

225.247-251 
time  from  bachelors  de^jree  to.  55-5(5. 
250 
masters 

by  Carne^jie  classification.  4(>-47.  224 
Si!<:F  de^'rees  awarded.  4()-47.  5i^-55. 
224.  244-246.  273 
NSiScK 
doctoral.  85.  304 
as  first  decree.  S4-S5.  303 
Demand 

for  precolle^'e  teachers.  in-!?5 
for  scientists  and  en^jineers.  79-S!! 
Denmark 

|)ublic  attitudes  toward  S^r  T.  182-184. 
4(54 

astrolo^o',  18(5-187.467 
issues,  attention  to.  18(i.  4(i(5 
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Nuclear  KeKulalory  Commission  (NKC). 
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Scope.  Sc(|iu»n(V.  and  Coordinntion  (SSiKrC) 
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